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Globulin and GLOBubs^KBi®f|.jfV i Ri{YjW r . Kuhne, Professor 
of Physiology in the University "oT Heidelberg, and R. H. 
Chittenden. 

The following investigation is a continuation of our previous 
work with the album ose bodies,f and constitutes the commencement 
of a study of the various primary cleavage products, formed by the 
action of pepsin from the better characterized and purer albumins. 
Our work in this direction was at first begun with the albuminous 
bodies occurring in blood serum, egg albumin, and in fibrin and 
from the results then obtained we were led to the conviction J that an 
extension of the work to the single albumins was necessary, particu- 
larly to serum albumin, globulin and myosin. In the meantime, our 
first conjecture that hemialbumose might possibly be a mixture, had 
been established and led finally to the isolation of the albnmose 
bodies of fibrin.§ At this stage of our work, fibrin was the only 
albuminous material employed because it was the simplest to prepare, 
was easily digestible, and hitherto had been mostly used in diges- 
tion experiments. These practical considerations, to which must be 
added the fact that fibrin albumose was later found as a commercial 
article, were joined with the advantage of being able to make use of, 
and at the same time extend, the discoveries in the chemistry of 
digestion which have for decades been made with this particular 
albuminous material. Other advantages for the use of fibrin in this 
connection cannot well be claimed, since its peculiar position be- 
tween the genuine and the coagulated albumins, its contamination 
with globulin and the presence of nuclein and other components of 
the white blood corpuscles tend to render it perhaps least fitted for 
use in an exact study of -albumin cleavage; and since fibrin is of 
importance as a food stuff mainly in the form of the commercial so- 
called peptone, there are many reasons for proceeding to the study 
of other digestible substances for further results. 

* This and the following article were originally published in the Zeitschrift fur 
Biologie, Band xxii. They are republished here to render the series complete in 
English. t See Amer. Chem. Jour., vol. vi, p. 3. 

\ Zeitschrift fur Biologie, Band xix, p. 159. § Ibid., xx, p. 11. 



2 Kilhne and Chittenden — Globulin and Globulose Bodies. 

As we hope to show, however, the results gained in the study of 
the albumose bodies from fibrin are by no means to be considered as 
valueless, but on the other hand as quite advantageous in the treat- 
ment of the single albumins, particularly as an aid in the separation 
of the individual albumose bodies. Thus in our study of globulin, 
now to be described, we were able to use methods already tested. 

The new method of precipitating albumose bodies by ammo- 
nium sulphate, which has meanwhile been discovered and which is 
certainly particularly advantageous, has not been used in our 
study of the globulose bodies, since these experiments were con- 
cluded before the introduction of that method. According to obser- 
vations made by Dr. Neumeister in the Physiological Institute at 
Heidelberg, ammonium sulphate appears particularly well adapted 
to the purification of deuteroalbnmose, since after complete removal 
of protoalbumose by sodium chloride and acid, deuteroalbnmose 
alone is precipitated by addition of the ammonium salt. As, how- 
ever, we had accomplished a separation of the different globulose 
bodies in another manner, it seemed unnecessary to use, in addition, 

the new- method. 

Globulin. 

From the list of albuminous bodies which occur in sufficient quan- 
tity, and which at the same time admit of isolation without too great 
difficulty we have chosen for our first study, globulin. The substance 
was prepared from the serum of ox blood by the method of Hammar- 
sten, in which repeated quantities of fresh serum were treated with 
an excess of crystallized magnesium sulphate at a temperature of 
30° C. The precipitate so obtained was collected on a filter, washed 
with a saturated solution of the salt, pressed, dissolved in water, and 
reprecipitated a second time by the addition of magnesium sulphate. 
The precipitate was then dissolved in water, a little thymol added, 
and the solution dialyzed in running water in order to remove the 
magnesium salt. The final solution was then concentrated at 40° C, 
after which the globulin was precipitated with alcohol, washed with 
alcohol and finally extracted with ether. The substance so prepared, 
and which still contained some magnesium sulphate, was employed 
in the digestion experiments. A portion of the preparation, dried 
at 110° C. in vacuo, gave by analysis the results contained in 
the following table. The methods of analysis were the same as 
those employed in our previous work.* 

* Compare Zeitschrift fur Biologie, Band xx. p. 11, and Amer. Chem. Jour., vol. 
vi, p. 3. 



KiXhne and Chittenden — Globulin and Globulo&e Bodies. 



t&o* 






GO \fc 



09 2 + 

|M<3_. 

: . "{ ' 

o .o 

9 
00 



t- Op 

i© 25 



04 CQ 



5 § 



C* 



* 2 



S 



* E 3g, 



PQ 



CD 



2 S 



a 

PQ 

s 

o 

o 

cc 

l"H 
CD 












00 

s 



00 



§ 

o 



Szj ^ 



5 $ 



5f -n- 2> ** ** *o 

j= • • « • • 

► r< ^ :$* **« i? 






• • f" * 

II. I 

I I 1—1 • 



T3 

» s 



2 ® a 

h B 

£ 2 s 






Q 






CO 



S 



• 

CO 
t*» 

ib 

3 







l> 


IO 










: o 


V!. 


00 

• 


CO 

■ 


1 
I 


t 
• 


1 
1 


1 
1 


i 




^ 


^ 




1 


1 





O a 5 



io o 

t-< a* 

m m 



W >*. 






c© 



g 2 



W 



00 



CO 

CD 



00 

o 



CM 

<M 

iH 

IO 

o 



IO 

CO 

GO 

00 



00 

»o 



5 



o 



co 

00 

o 

IO 



o 



HHHHHHt>b>j— I Ml— I 

« a s ^ o e a 



Trans. Conn. Acad.. Vol. VIE. 



> £ 
27 






00 

o 
•«* 

"It 

I 

O 

« 
Cd 
Cj 

V. 

« 



: S 



i o 
• IO 



• 25 • ' 



• • 28 • ■ 



! ^ 



CO t-< i 

tH O « 

IO 



IO o& 

^ * ! : : 

H ® • i l 

IO i«i 



o W fc oq o 



Nov., 1886. 



4 Kilhne and Chittenden — Globulin and Globulose Bodies. 

Digestion of Globulin, 

The preparation proved to be extremely difficult of digestion ; this 
fact, however, enabled us to remove from the globulin the magnesium 
sulphate still remaining, since the large quantity of dilute hydro- 
chloric acid added with the small amount of pepsin, failed at first to 
dissolve any of the albuminous matter. The undigested residue was 
then finally treated with an artificial gastric juice much richer in 
pepsin. 250 grams of the powdered globulin were at first warmed 
with 5 litres of 0'2 per cent, hydrochloric acid for 24 hours, whereby 
the substance swelled up to double its former bulk, but only a trace 
was dissolved ; barely enough for a filtered portion to give with 
nitric acid and heat a slight turbidity. By the addition of 200 c. c. 
of normal gastric juice* to the swollen mass and warming it at 
40° C. for 24 hours longer, the albuminous matter was not appreci- 
ably changed ; a filtered portion, however, became turbid on neu- 
tralization and a small amount of albumose could be detected both 
with sodium chloride and with nitric acid. The entire mass of swollen 
globulin was then collected on a cloth filter, washed thoroughly with 
0*2 per cent, hydrochloric acid and warmed again at 40° C. for six 
days with 4 litres of a particularly active gastric juice, contain- 
ing 0*4 per cent, hydrochloric acid and 0*45 per cent, of solid matter. 
By this last treatment, a large amount of globulin was dissolved. 
As the digestive mixture would not filter through cloth it had to be 
neutralized directly with sodium hydroxide, which gave an abundant 
neutralization precipitate of so-called parapeptone, easily collected, 
and from which the fluid filtered perfectly clear. In order to obtain 
more material for study, the neutralization precipitate, together with 
the unaltered globulin, was treated a second time with 3 litres of the 
same active gastric juice for several days, by which the amount of 
globulin was reduced more than half, as shown by repeated neutrali- 
zation. 

The two neutralized, digestive fluids obtained in this manner, were 
alike in all respects ; noticeably so in the remarkable fact that when 
weakly alkaline, they became turbid at 53° C, which turbidity 
increased as the solutions were heated to boiling. Furthermore, 
when made faintly acid, heat produced in both solutions an abundant 
flocculent precipitate which had the properties of coagulated albu- 
min. This coagulum from digested globulin was purified by succes- 
sive washings with boiling water, alcohol and ether. The following 
table shows the composition of the substance. 

* See Zeitschrift fur Biologie, Band xix, p. 184. 
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6 Kilhne and Chittenden — Globulin and Globulose Bodies. 

Globulose Bodies. 

After removal of the above mentioned coagulum, the solution re- 
mained perfectly clear at all temperatures up to 100° C, even when 
rendered more strongly acid and also on subsequent neutralization. 
On the addition of nitric acid, however, to the cold solution, a pre- 
cipitate was formed which disappeared on the application of heat, 
reappearing as the mixture became cool. 

Crystals of salt alone, produced a heavy precipitate in the solution, 
while salt and acetic acid gave a still further precipitate, and when 
these reagents failed to cause any further precipitation, nitric acid or 
metaphosphoric acid would still give a noticeable turbidity. 

In order to separate the globulose bodies from one another, the 
entire solution was concentrated on a water bath to the consistency 
of a thin syrup and then rubbed up in a mortar with salt in sub- 
stance (the fluid being perfectly neutral), complete saturation being 
insured by long standing with an excess of salt crystals. The pre- 
cipitate so formed being separated by filtration, the filtrate was par- 
tially precipitated by the cautious addition of 30 per cent, acetic acid 
saturated with salt, whereby a mixture of proto- and deutero- 
globulose was separated. After removal of this precipitate the 
filtrate was finally treated with more of the above acetic acid until 
nothing further was precipitated. 

The various precipitates were then subjected to strong pressure to 
remove as much of the salt-saturated fluid as possible, then dissolved 
in water and dialyzed for the complete removal of the salt and to 
separate heteroglobulose. 

Protoglobulose. 

This body, precipitable by sodium chloride alone, was purified by 
saturating the first dialyzed solution again with salt, then dialyzing 
a second time under repeated changes of reaction, by the alternate 
addition of acetic acid and sodium carbonate and finally by neutral 
reaction, until all chlorine was removed from the solution and the 
admixed heteroglobulose completely separated. The clear filtered 
fluid was then concentrated, after which the protoglobulose was pre- 
cipitated with alcohol, washed with alcohol and ether and so ob- 
tained as an almost white powder. The substance, so prepared, gave 
when rubbed up with cold water, a filtrate not quite clear and with a 
noticeably alkaline reaction. It differed from a solution of proto- 
albumose from fibrin in one respect, viz : that on boiling in the pres- 
ence of a small amount of sodium chloride it became quite turbid, 
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the turbidity, however, disappearing completely as the solution be- 
came cool, (the opposite of the albumose reaction : compare Zeitschrift 
ftlr Biologie, Band xx, p. 45). We think it may be assumed that this 
single deviation from the reactions of fibrin -pro toalbumose is not 
due to the presence of impurities (heteroglobulose, etc.), because no 
heteroglobulose whatever separated from a portion of the sample, 
even after dialyzing a week longer. If the solution was made even 
very slightly acid or alkaline, the turbidity did not then occur on 
heating. Further, the small content of ash (0-4 per cent.), which con- 
sisted only of calcium sulphate with a trace of ferric oxide, testifies 
to the purity of the preparation and the completeness of the dialysis. 
The preparation was analyzed with the results shown in the accom- 
panying table. 

De u teroglobulose. 

This body is about as difficult to purify from the preceding one as 
deuteroalbumose from protoalbumose. We succeeded, however, in 
separating it by rejecting the first portions of the precipitate pro- 
duced by acetic acid and sodium chloride and using only the last 
portions precipitated ; or after the acetic acid failed to give 
any further precipitate, by using the small precipitate produced 
by the moderate addition of alcohol. This last precipitate naturally 
enclosed considerable sodium chloride, but the deuteroglobulose 
was obtained perfectly pure after removing the salt by dialysis, 
since the globulose solution, even when noticeably acid, gave 
no turbidity whatever on the addition of salt in substance. The 
quantity, however, was unfortunately too small for analysis. It suf- 
ficed only for determining the reactions, which agreed with those of 
the substance obtained by the later precipitation with acetic acid 
except in one particular, viz : that the latter preparation in a neutral 
or slightly alkaline solution showed an extremely slight turbidity on 
the addition of crystals of sodium chloride. All other reactions were 
identical and corresponded so completely with those of deutero- 
albumose that it is only necessary to call attention to the latter (see 
Zeitschrift ftlr Biologie, Band xx, pp. 26-28, or Amer. Chem. Jour., 
vol. vi, pp. 46-47) and to especially mention the non-precipitation of 
deuteroglobulose in a solution free from salt, by nitric acid in any 
quantity and at any temperature. 

Since no heteroglobulose whatever separated from the solution of 
the last acetic acid precipitate during dialysis, even with repeated 
change of reaction, the substance was therefore prepared for analysis, 
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Kuhne and Chittenden — Globulin and Qlobuloae Bodies. 9 

simply by concentration of the solution freed from chlorine, pre- 
cipitation with alcohol and washing with ether. The ash (1*17 per 
cent.) consisted only of calcium phosphate and a trace of sulphate. 

Heteroglobulose. 

This body was obtained from the gummy precipitate which sepa- 
rated, during dialysis, from the solution of the first precipitate 
thrown down from the neutralized digestive fluid by salt alone. 
The sticky mass was separated from the sides of the parchment 
tubes, dissolved in sodium chloride of from 3 to 5 per cent., repre- 
cipitated by saturation of the solution with salt, the precipitate again 
dissolved in dilute salt solution and the substance Anally separated 
by long continued dialysis in running water. After thorough wash- 
ing with water, alcohol and ether it appeared as a light, white 
powder, not unlike heteroalbumose in general behavior and reac- 
tions. After each precipitation and treatment with dilute sodium 
chloride, heteroglobulose left a residue, which like dysalbumose was 
readily soluble only in dilute acids. From the following analysis 
it is to be seen that the preparation, in spite of its long continued 
and repeated dialysis, contained 2*03 per cent, of ash, which con- 
sisted mainly of calcium carbonate with a small amount of phos- 
phate and sulphate. 

The composition of the three globulose bodies shows the same 
slight differences as noticed in the case of the various albumose 
bodies (from fibrin). Unlike the latter, however, the content of car- 
bon in the globulose bodies never falls below 51 per cent., and fur- 
thermore it is always higher than that of the globulin from which the 
globulose was derived. The percentage of nitrogen, which in the 
albumose bodies was found a little higher than in fibrin, exceeds that 
of the globulin more yet, in some cases by more than 1 per cent., 
and the same holds true of the percentage of sulphur. In contrast 
to the albumose bodies, the percentage composition of the globulose 
bodies gives no grounds whatever for the assumption that they arise 
from the digested globulin by simple hydration. It must not be for- 
gotten, however, that the digestion of globulin by gastric juice is a 
process quite different from that of fibrin digestion and one hitherto 
much less clearly understood, since besides the globulose bodies 
there is formed a large quantity of a substance which is separated by 
boiling and which resembles ordinary coagulated albumin. Some- 
thing similar, indeed, has been known ever since Brucke's study of 
fibrin digestion, but it has long been accepted that the coagulum 
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obtained by Brtlcke on boiling the neutralized digestive fluid, arose 
from the globulin present in the fibrin employed, which had not been 
previously washed with salt water. Globulin, moreover, yields this 
body in much greater quantity, even after several days' exposure to 
the action of an energetic gastric juice and it was still found abund- 
antly among the products of a second digestion of the first neutral- 
ization precipitate. 

Comparison of the Analyses. 
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In this review of the composition of globulin and of the products 
of its digestion we have included also an analysis of fibrin, of a 
fibrin-alb umose and of hemialbumose from the urine of a person 
with osteomalachia. 

We call attention again to the latter because its surprising corre- 
spondence, especially to beteroglobiilose, appears to confirm the be- 
lief, expressed in our former paper that the difference in the albumose 
from urine and that from fibrin depends on the formation of the 
former from an albuminous body, whose digestion, at least as regards 
the formation of albumose bodies, was then unknown, and for which 
we had already turned to globulin. 

In order to gain further information concerning the cleavage of 
globulin in the process of digestion, the remaining material was used 
in the following experiments. 

1. Heteroglobulose dissolved in' 0*3 per cent, sodium carbonate 
and warmed at 40° C. for fourteen days with pure trypsin (with the 
addition of thymol, as usual) remained perfectly clear, even after 
neutralization, and failed to yield afterwards any body resembling 
antialbumid. Among the products of the digestion, there was found 
in addition to an abundance of antipeptone, only a trace of leucin, no 
tyrosin whatever, while with bromine water the alcoholic extract, 



♦Compare Zeitschrift fur Biologie, Band xix, p. 202. 
J According to Hammarsten. 



f Ibid., Band xx, p. 40. 
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which had been dissolved in water after driving off the alcohol, 
became simply a little darker, but not rose-colored or violet. Hence 
heteroglobulose is to be considered as belonging to the anti group. 

2. Protoglobulose, which still contained some heteroglobulose, 
when treated in the same manner with trypsin, behaved similarly 
but afforded besides an abundance of leucin, also some ty rosin and 
an extract which became deep violet on the addition of bromine 
water. Hence protoglobulose gives evidence of belonging to the 
hemi group. 

Finally, we submitted to the digestive action of trypsin the third 
and filth precipitates (so-called parapeptone) which were separated 
in continually decreasing quantities by neutralization, alter renewed, 
energetic pepsin digestion of the original globulin. Both failed to 
yield any coagulum during their digestion with 0*3 per cent, sodium 
carbonate, and after the trypsin had acted for fourteen days, neu- 
tralization with acetic acid yielded a heavy precipitate, while consid- 
erable antipeptone was found in the solution. Although the diges- 
tion of the third neutralization precipitate still afforded a trace of 
leucin and ty rosin without giving any reaction with bromine, no 
leucin, tyrosin or a substance colored by bromine water could be 
obtained from the precipitate separated after the fifth pepsin diges- 
tion. 

Hence globulin, like fibrin and other albuminous bodies, yields dur- 
ing pepsin digestion at the last only bodies of the anti group, which 
are peptonized, though slowly, by trypsin, but yield no further cleav- 
age products. 



1 



Peptones. By W. Kithne and R. H. Chittenden. 

r 

Since there has been discovered in neutral ammonium sulphate a 
means for the complete precipitation of the albumose bodies, we 
have been induced to take up anew our former investigations on the 
behavior and composition of peptones. As these latter bodies are 
not* precipitated by the ammonium salt, we had expected to obtain 
peptones free from the primary cleavage products of albumin and 
thereby advance another step in our knowledge of the definite prod- 
ucts of the proteolytic action both of pepsin and of trypsin. Re- 
newed investigation was demanded by the probability that hitherto 
pepsin-peptones entirely free from albumose have never been ob- 
tained, for such peptones as are to be found in commerce or in the 
hands of the most careful investigator of gastric digestion can 
readily be shown to contain albumose by saturating a solution of 
the preparation with ammonium sulphate. There will result an 
abundant precipitate of albumose and a surprisingly small residue 
of non-precipitated pep' ones or the entire absence of such a residue. 
Only, antipeptone obtained by trypsin digestion will occasionally 
form an exception, and even then in most cases we cannot but doubt 
that the peptones so formed are wholly free from albumose. 

In order to be certain of the presence of peptones in a digestive 
fluid, it must be made slightly acid with acetic acid, rubbed 
up with ammonium sulphate till saturated and then filtered from 
the excess of salt and the albumose precipitate. If the filtrate 
is thereupon treated with a large excess of strong sodium hydrox- 
ide and then a few drops of very dilute cupric sulphate be added, 
the appearance of the rosy red color of the biuret reaction will 
indicate the presence of peptones. If peptones are absent the 
fluid will be pure blue without a tinge of violet, since the solution 
can contain no other albuminous body. Even after an apparently 
energetic pepsin digestion the latter result is not at all rare, and a 
heavy precipitate by the ammonium salt is so frequently seen, that it 
is still to be doubted whether there is a pepsin-acid digestion which 
causes the disappearance of all albumose. On the contrary, the albu- 
mose precipitate after a sufficiently long and energetic trypsin diges- 
tion is very slight and peptone is to be found abundantly in the 
solution. 
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We have endeavored to prepare pure peptones in quantity from 
the solution saturated with ammonium sulphate. For this purpose 
the solution was first freed from the greater part of the salt by con- 
centration and crystallization. During this process a small amount 
of a nitrogenous substance -separated, perhaps albumose formed 
again from peptones when the solution was vigorously boiled and 
the temperature rose to 110° C. The mother liquor, after suitable 
dilution, was boiled with hot saturated baryta water until all ammonia 
was expelled, during winch operation the precaution was taken to 
use no excess of barium hydroxide and thus decompose the peptones. 

From time to time, therefore, portions were filtered, tested for 
sulphate, and when this became small in amount the last portions of 
sulphuric acid were removed by barium carbonate. From the fil- 
trate, which always contained much barium, the latter was entirely 
removed by dilute sulphuric acid, either immediately or after a pre- 
vious purification of the barium peptone compound. The peptones 
were then precipitated with alcohol and occasionally further purified 
with phosphotungstic acid. Naturally the large amount of ammo- 
nium sulphate to be removed formed a correspondingly troublesome 
quantity of barium sulphate, which could be handled only in large 
filtering bags, and occasioned a large loss of peptone in spite of a 
most careful washing of the precipitate with boiling water and the 
application of pressure. On evaporating the peptone solution, which 
contained but little salt, no resinous precipitate resembling albumose 
was to be seen. 

1. Amphopeptone. 

We have designated as amphopeptone the end product of the 
digestion of albumin by pepsin and acid. The first attempt to obtain 
this peptone free from albumose and in a quantity in some degree 
proportionate to our wants, showed us that there was needed not 
only the most active digestive fluid possible and long exposure to a 
temperature of 40° C. but also a very large amount of pepsin. Such 
a quantity of the ferment could be procured, however, only by first 
dissolving considerable quantities of the mucous membrane of the 
stomach in acid ; quantities which must be taken into consideration, 
in addition to the fibrin to be digested, since something is formed in 
the self-digestion of the mucous membrane which necessarily remains' 
mixed with the peptone. It is known that mistakes have already 
been committed by not distinguishing the products arising from 
the material of the mucous membrane, from those derived from the 
digested substance. For example, Hoppe-Seyler's erroneous asser- 
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tion that pepsin digestions yield leucin and tyrosin, rests wholly 
upon this circumstance, for since the digestion of the mucous mem- 
brane always commences with the disappearance of a mucilaginous 
substance, the derivatives of the latter must necessarily be expected 
in the resultant solution. Probably for this reason, artificial gastric 
juice which has been prepared from mucous membrane and is no 
longer mucilaginous, gives a precipitate when treated *with alcohol 
which differs much from the precipitates of albumose and peptone in 
being almost as elastic as rubber and, as a rule, forming when shaken, 
a single ball in which the pepsin is then ordinarily inclosed. We 
have not yet examined this substance closely, since in the course of 
the investigations to be described, another more suitable method for 
precipitating and isolating the ferment has been discovered. We 
shall designate thier elastic body for convenience, mucin- peptone. 
This mucin-peptone might possibly conceal the whole amount of pep- 
tone expected from the digested fibrin, or remain mixed with the 
latter in considerable quantity. In spite of this objection, which we 
at no time lost sight of, we prepared a quantity of fibrin-peptone 
without attempting to remove or to prevent the mixture in question. 
The observations made by Dr. Pollitzer* in the Physiological Insti- 
tute at Heidelberg, on the influence of pepsin-peptone free from albu- 
mose on coagulation of the blood, were performed with such ampho- 
peptone, which is not perfectly pure. 

Supported by the following analyses of this peptone in our pre- 
sumption that it was rendered impure by mucin-peptone, we sought a 
process that would exclude this impurity. This was found almost of 
itself after we had noticed that ammonium sulphate invariably 
precipitated from the acid solutions, in addition to albumose, the 
entire quantity of active pepsin. While, therefore, nothing capable 
of digestion with acids could in any way be obtained from the fil- 
trates, an exceedingly active juice was formed by dissolving the pre- 
cipitate in dilute .hydrochloric acid. Hereafter, we accordingly pre- 
pared the strong pepsin solution, by simply precipitating large quan- 
tities of very concentrated gastric juice containing 0*5 per cent, 
hydrochloric acid with ammonium sulphate and dissolving the resin- 
ous precipitate, which did not contain an objectionable quantity 
of albumose bodies, in fresh dilute acid. By this means the 
mucin-peptone was gotten rid of, since it could not be precipitated 
by ammonium sulphate and thus a new method was found for prepar- 
ing and isolating pepsin, which we shall enter upon at another time. 

* Verhandl. d. Naturhist. med. Verein zu Heidelberg, N. F. Ill, p. 293. 
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1. Amphopeptone prepared with ordinary gastric juice. 

Gastric juice, prepared from 145 grams of isolated mucous mem- 
brane from the fundus of pigs' stomachs by two days self-digestion 
in two litres of 0*4 per cent, hydrochloric acid, was added to 585 
grams of well washed and boiled fibrin, previously swollen in four 
litres of acicj of the same strength and the whole warmed for two 
days more at 40° C. The thin fluid-like mixture so obtained, was 
neutralized with sodium hydroxide and then filtered from the undis- 
solved residue of the mucous membranes (nuclei of the gland cells) 
and the slight neutralization precipitate. After being made slightly 
acid with acetic acid, the fluid was heated to boiling, evaporated to 
two litres, then saturated with neutral ammonium sulphate, separated 
from the slight coagulum and precipitated albumose, again concen- 
trated to one litre and freed from a large portion of the ammonium 
sulphate by crystallization at 0° C. In order to still further separate 
the salt, the solution was treated with one litre of absolute alcohol, 
again placed in the cold, and finally strained through linen to remove 
the fine powdery salt, which was wholly free from precipitated pep- 
tone. After having been freed from alcohol, by vigorous boiling and 
concentration to the consistency of syrup and from much salt by 
crystallization, the thick fluid was filtered by suction, boiled after 
much dilution with a large amount of barium carbonate until the 
odor of ammonia had vanished. From the solution, separated from 
the barium sulphate and again much concentrated, alcohol precipi- 
tated the peptone as a barium compound which could be freed from 
salts (especially sodium chloride) by repeated precipitation and boil- 
ing with alcohol. Finally the barium-peptone was decomposed as 
much as possible with dilute sulphuric acid. As was seen later from 
the concentrated peptone solution, there remained dissolved a trace 
of sulphuric acid, but only enough to make the fluid assume a slight 
opalescence after boiling with barium chloride and hydrochloric acid. 
An attempt was made to purify the isolated peptone by evaporating, 
precipitating with alcohol, dissolving in water and reprecipitating 
with alcohol. This did not succeed well, as shown later by the high 
percentage of ash. By drying first on a water bath, then in an air 
bath at 105° C. with frequent stirring, which destroyed the firm 
resinous surface, the peptone gradually became solid, and changed 
to a puffed up mass. The resulting product could be ground, when 
cold, to a light, very hygroscopic powder and weighed in this condi- 
tion 25 grams. 
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In an attempt to dry the substance for analysis, during which the 
temperature was allowed to rise to 110° C. it was found impossible 
to obtain a constant weight, perhaps on account of decomposition 
setting in, as suggested by an unpleasant odor which had begun to 
develop while on the water bath. Portions of 8-10 grams lost daily 
0*03-0-04 gram. The analyses were accordingly made only after 
drying many days. Portions purified with alcohol, dissolved in 
boiling water with addition of hydrochloric acid, gave no reaction to 
be distinguished when heated with barium chloride. 

Carbon, hydrogen and nitrogen were determined as before, the 
sulphur by a method already used by us to some extent,* viz : by 
fusion with potassium hydroxide and potassium nitrate according to 
the method distinguished by Hammarsten as la.f 

The results of the analysis (Amphopeptone A), shown by the 
following table, were hardly satisfactory and the low percentage of 
carbon, particularly, was quite a surprise to us, hence we proceeded 
at once to the previously mentioned preparation of a peptone, which 
would probably be rendered less impure by derivatives of the 
mucous membrane and which would, moreover, be easier to purify 
further. 

2. Amphopeptone prepared with purified pepsin. 

Preparation of the pepsin. — 1220 grams of isolated mucous mem- 
brane from the fundus of ten pigs' stomachs were warmed at 40° C. 
with seven litres of 0*5 per cent, hydrochloric acid for six days. The 
mixture was then saturated directly with ammonium sulphate, by 
which a resinous precipitate, with large, sticky lumps was formed, 
easily collected on a cloth filter. After pressing out the salt solu- 
tion as much as possible and washing with water, the gummy mass 
was dissolved in five litres of 0*4 per cent, hydrochloric acid and 
warmed again at 40° C. for a few days. Then for the first time it 
was filtered through paper. As preliminary experiments had shown 
that gastric juice which contains small quantities of ammonium sul- 
phate molds easily, the second digestion and the following fibrin 
digestion were carried on in the presence of 025 per cent, of thymol, 
which wholly prevented the formation of mold. The mass sub- 
mitted for the second time to self-digestion, gave now with the ammo- 
nium salt a much smaller precipitate, which contained only a very 



* Compare our earlier papers. Zeitschrif t fiir Biologie, vols, xix and xx. 
f Zeitschrift fiir physiol. Chem., vol. ix, p. 288. 
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small amount of albumose bodies, while a portion digested as a test 
for the third time, gave in the filtrate from the precipitate produced 
by the ammonium salt, so faint a biuret reaction for peptones that it 
was plainly evident, that the slight residue of albumins from the 
mucous membrane now remaining, could be overlooked without 
danger. 

Digestion of the fibrin. — 3800 grams of washed but not boiled 
fibrin were digested with the twice precipitated pepsin, which 
was dissolved in ten litres of 0*4 per cent, hydrochloric acid. To 
obtain as little albumose and as much peptone as possible, the mix- 
ture was allowed to remain at 3 < 7°-40° C. for two weeks. At the end 
of that time, filtered portions gave only slight precipitations by neu- 
tralization, but a heavy precipitate was obtained with ammonium 
sulphate, with sodium chloride, with sodium chloride and acetic acid, 
and still further by sodium chloride and nitric acid or metaphos- 
phoric acid. Nevertheless the filtrate saturated with ammonium 
sulphate contained much peptone.* 

Preparation and purification of the peptone. — For this purpose the 
filtrate was neutralized with sodium hydroxide, filtered through 
linen, especially for removing the impurities of the fibrin, the filtrate 
slightly acidified with acetic acid, concentrated to about four litres, 
precipitated with an excess of ammonium sulphate, filtered and 
pressed, the solution boiled with barium hydroxide and finally with 
barium carbonate and a large quantity of water, until ammonia could 
no longer be detected. The barium sulphate was then removed by 
filtration through cloth bags which were repeatedly washed and 
pressed, the solution evaporated to about four litres, the barium- 
peptone decomposed with a very slight excess of sulphuric acid, the 
new precipitate of barium sulphate filtered off, the solution concen- 
trated to two litres, the free acid neutralized with ammonia and after 
cooling, six per cent. English sulphuric acid (previously diluted) 
was added ; then the sulphuric acid-peptone solution was precipitated 
with a large excess of phosphotungstic acid, the precipitate washed 
first with six per cent, sulphuric acid, then with a large quantity of 
water, after which the compound was decomposed with excess of 
barium hydroxide and the excess completely removed from the fil- 



* Later experiments have shown that pepsin acts much more energetically if the 
ammonium sulphate is completely removed by dialysis, before each new solution and 
digestion of the pepsin-containing precipitate in hydrochloric acid, and further, that 
nearly pure pepsin becomes wholly inactive by being warmed with dilute hydrochloric 
acid in the presence of even small quantities of ammonium sulphate. 
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trate with sulphuric acid. The peptone solution thus obtained had a 
distinctly acid reaction, and strange to say, contained hydrochloric 
acid, which was hardly to be expected after the very careful washing 
which the precipitate had received. The solution was neutralized 
with ammonia to render the acid harmless on concentration. Then 
we succeeded in obtaining the evaporated residue free from ammo- 
nium chloride by repeated precipitation and boiling with alcohol. 

As already mentioned, the method gives rise to much loss and the 
same holds true of the otherwise excellent precipitation of peptone 
by phosphotungstic acid according to the method of Hofmeister, for 
so far as our experience extends, peptones cannot be completely pre- 
cipitated in this manner. There arises in the filtrate, containing 
excess of phosphotungstic acid, not only additional turbidity and 
precipitation due to peptone, but considerable quantities of peptone 
are still found in the liquid, which has perhaps remained clear for 
months, if treated with barium hydroxide ; — a circumstance which 
we were not able to prevent even by strongly acidifying the solu- 
tion to be precipitated with phosphotungstic acid, with either sul- 
phuric or hydrochloric acid. 

Behavior of the peptone. — This peptone was also difficult to con- 
vert into a dry state, although we did succeed ultimately in bringiug 
it to a constant weight as a fine, exceedingly hygroscopic powder, 
by heating for some time at 1 05° C. in vacuo. The first difficulty 
was found in commencing the drying, for although we treated the 
glue-like mass repeatedly with absolute alcohol, then for a long time 
with ether and finally boiled it again with alcohol, thereby changing 
it into an almost dry, crumbling condition, we were compelled at last 
to stop its further direct drying, since at 100° C. the preparation 
took on the consistency of pitch and formed a bulky foam from which 
alcohol vapor continually escaped. Therefore the alcohol was first 
driven out by thorough boiling with water and the latter removed as 
much as possible at 1 00° C. This was also a tedious performance for, 
although the substance no longer foamed up so violently, it did not 
become dry until after many days of stirring and breaking the cover- 
ing which continually bubbled up. The same proceeding was re- 
peated, although in a less degree, on transferring the substance to 
the air bath at 105° C, and only the single portions taken for analysis 
could be brought to a constant weight without puffing up further at 
105° C. 

While drying, the unpleasant odor noticed from amphbpeptone A 
was also observed here, although only in a slight degree. 
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The peptone thus obtained appears (when drie*d at 105° C.) as a 
dry, light yellowish powder. It can be preserved in this form only 
when most tightly stoppered. In the air it soon forms large balls, 
becomes sticky like pitch and melts to a tough mass which does not 
become visibly thinner. What is truly surprising is the behavior of 
the peptone towards water. A bit of the powder wet with a small 
drop of water hisses and steams like phosphoric anhydride when 
moistened, and when this, or the powdered but not absolutely dry prepa- 
ration which no longer hisses, is dissolved in water, a development of 
heat is to be noticed. We have observed the same remarkable pecu- 
liarity in anti-peptone to be described later. 

Analysis of the preparation (Amphopeptone B) dried at 105° C. 
in vacuo, gave the results tabulated in the accompanying table. 

Amphopeptone (b). 

After these results were obtained, an attempt was made to reduce 
the ash content of the preparation by repeated precipitation with 
alcohol, which succeeded so well that the substance when dried in 
vacuo over sulphuric acid, later at 106° C. until of constant weight, 
contained then 2*15 per cent, of ash instead of 3*25 per cent. 

I. 0*5500 gram of this preparation gave 0*3400 gram H a O = 6*86 

per cent. H and 09566 gram CO a = 47*43 per cent. C. 
II. 0*7)21 gram of substance gave 98*4 c. c. N at 16*4° C. and 
765*5mm. pressure = 16*49 per cent. N. 
III. 0*7839 gram substance gave 0*0169 gram ash = 2*15 per cent, of 
ash. 

Therefore in the ash-free substance (Amphopeptone b) there are — 

48*47# C, 7.02# H, 16*86# N. 

II. Antipeptone. 

As with amphopeptone, we have formed in various digestion exper- 
iments several preparations of antipeptone by the action of trypsin. 
These preparations have been studied both after purification with 
alcohol and after further purification with phosphotungstic acid, but 
in every case after complete removal of the albumose bodies. We 
have not attempted to meet the objection that the antipeptone 
is not formed exclusively from the digested fibrin, but in part from 
the albumins of the pancreas. This would have necessitated experi- 
ments with pure trypsin, which seemed too costly to undertake. In- 
stead of this we have studied a peptone which we shall distinguish 
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as gland peptone, being derived exclusively from the self -digestion of 
the albuminous bodies of the gland substance, without any addition 
of fibrin or other albumin. 

How superior the action of trypsin is to that of pepsin, is seen not 
alone in the total decomposition of hemi peptone which is accom- 
plished only by the former, but also in the incomparably more rapid 
and perfect change of albumose to peptone. Hence the particu- 
larly troublesome and tedious treatment of antipeptone with ammo- 
nium sulphate may well seem superfluous when there is no albu- 
mose present. We must however be perfectly sure, by a pre- 
liminary test with that salt, that albumose is absent and its use is 
unavoidable where impure trypsin is employed in large quantities; 
that is, where an infusion of the pancreatic gland or the so-called arti- 
ficial pancreatic juice is used. From the latter, ammonium sulphate 
precipitates a mixture which contains besides unaltered, highly active 
trypsin, whose isolation we propose later to study in this way, vari- 
ous other bodies, such as albumose, whose removal is necessary in 
the preparation of pure peptone. 

Antipeptone (C). 

Preparation of the pancreatic juice. — 100 grams of dried ox pan- 
creas, purified with alcohol and ether, were warmed at 40° C. with 
500 c. c. of 0*1 per cent, salicylic acid for 12 hours, and filtered 
through muslin. The residue was then mixed with 500 c. c. of 0*25 
per cent, sodium carbonate, a little thymol added and the mixture 
again warmed at 40° C. for 12 hours. The acid solution, after it had 
been neutralized, was brought to the same degree of alkalinity with 
sodium carbonate, a little thymol added and also warmed at 40° C. 
for the same length of time. After filtering and pressing the residue 
of tissue, both filtrates were united. The weight of the undissolved 
residue, dried at 100° C, amounted as usual to 12 grams. Thus the 
nuclei of the cells, the collagen and the portion of elastin undigested 
under these conditions, is equal to 1 2 per cent, of the dry pancreas, 
freed from fat. 

Digestion of the fibrin. — 300 grams of dry fibrin, purified by wash, 
ing and boiling with water, then with alcohol and finally by extrac- 
tion with ether were softened with boiling water (when the weight 
amounted to 970 grams after squeezing with the hands), then 
warmed at 40° C. with 3 litres of # 25 per cent, sodium carbonate 
containing 0*5 per cent, of thymol. To this was added the whole 
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infusion obtained from the 88 grams of self-digested pancreas, after 
which the mixture was continued at 40° C. for six days. At the end 
of the first day nearly all of the fibrin had disappeared, although a 
considerable portion appeared to float on the surface of the fluid* 
When examined more closely, however, this residue proved to be 
extremely light, hollow, easily crushed and with a somewhat greasy 
feeling. A similar residue, the amount of which we did not deter- 
mine, remained at the end of six days and consisted mainly of 
antialbumid with much tyrosin. 

Preparation of the antipeptone. — The solution resulting from the 
above digestion was made slightly acid with acetic acid, boiled, 
passed through a filtering bag, concentrated to 1 litre, and freed 
from a large amount of leucin and tyrosin by crystallization and fil- 
tration. The resultant, brownish-looking syrup was treated with 
alcohol until peptones began to precipitate, and after the latter had 
been redissolved by boiling the solution, it was placed aside for 
crystallization. The filtrate, which now contained only a small 
amount of amido acids, was freed from alcohol by boiling, diluted 
with a saturated solution of ammonium sulphate, which had also 
served for washing out the mass of crystals on the filters, and then 
completely saturated with the ammonium salt in substance. After 
separating the slight precipitate so formed, in which some leucin and 
tyrosin was detected, the greater portion of the ammonium salt was 
removed from the filtrate by repeated concentration and crystalliza- 
tion, while the remainder was gotten rid of, as before, with barium 
hydroxide and barium carbonate. Since in this case, precipitation 
with phosphotungstic acid could not yet be employed, we attempted 
to purify the peptone as much as possible from other products of 
digestion (amido acids), first, as a barium compound by repeated 
precipitation and boiling with alcohol, after which the barium-pep- 
tone was exactly decomposed with sulphuric acid and the free pep- 
tone purified in a similar manner by repeated precipitation and extrac- 
tion with alcohol, once or twice in the presence of a little acetic acid. 
The peptone thus obtained, when dried at 105° C, weighed 120 grams. 
Assuming that albuminous bodies by complete typsin digestion, split 
up into 50 per cent, of products arising from the wholly decompos- 
able hemipeptone and 50 per cent, of antipeptone not further 
changed by typsin, then the amount obtained — 120 grams — agrees 
with this so far as it is possible, with the unavoidable losses which 
the treatment of large quantities in this manner implies. The 388 
grams of dry albumin (300 grams of fibrin and 88 grams of self- 
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digested material from the pancreas) would have had to yield 194 
grams of antipeptone if there were no loss. The loss, however, of 
74 grams noticed in our experiment is sufficiently explained by the 
noticeable solubility of peptone in the -water contained in alcohol, 
and by the, con version of a portion of the peptone into antialbumid. 

Behavior of the antipeptone. — This peptone was still more difficult 
to dry than the amphopeptone formed by pepsin digestion, and it 
could only be accomplished after the removal of all alcohol by 
thorough boiling with water. As the solution became very concen- 
trated on the water-bath, hydrogen sulphide, as shown by reaction 
with lead acetate, was given off together with a strong odor of valeri- 
anic acid, which was also evolved quite noticeably at 105° C. In 
order to obtain a constant weight it was necessary to dry the mass 
at 110° C. 

The analysis of the product is shown in the accompanying table. 

Antipeptone (D). 

The behavior of the preceding preparation while being dried, nat- 
urally suggested the suspicion that the substance was either decom- 
posable at 100° C. or less in the air, or else that it contained some 
decomposable admixture. We therefore attempted a further purifi- 
cation of antipeptone and at the same time a more cautious method 
of drying. 

For this purpose another preparation of antipeptone was made in 
the following manner. 

230 grams of commercial dry pancreas, somewhat less active than 
that employed in the preceding preparation, were warmed at 40° G. 
for three hours with 1200 c. c. of 0*1 per cent, salicylic acid, after 
which the mixture was neutralized with sodium carbonate and to it 
was added directly 1920 grams of boiled, moist fibrin, 82 grams of 
dry sodium carbonate and 32 grams of thymol. This mixture was 
warmed at 40° C. for seven days, at the end of which time the residue 
of the pancreas, the antialbumid produced, and considerable sepa- ' 
rated tyrosin, formed a noticeable sediment, which was filtered off 
and pressed, after the residue had been thoroughly washed with 
water warmed at 40° C. The filtrate was made slightly acid, heated 
to boiling, and as this produced only a slight precipitate it was imme- 
diately concentrated to about three litres. On cooling, an abundant 
slate-colored precipitate separated, composed almost entirely of tyro- 
sin. After removing this by filtration, the solution was saturated 
with ammonium sulphate and the resultant filtrate treated as in the 
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previous case ; that is, a barium peptone compound was formed, puri- 
fied with alcohol and this exactly decomposed with sulphuric acid. 

In order to separate the free peptone, the solution was concentrated 
at a gentle heat with the addition of a little ammonia, precipitated 
and boiled with alcohol, the almost liquid precipitate dissolved in 
water, the solution acidified with acetic acid, concentrated again, pre- 
cipitated and extracted hot with alcohol, repeatedly washed and 
kneaded with ether, kept for a long time under ether and then slowly 
dissolved in as small an amount of cold water as possible. When 
filtered, a small residue of tyrosin appeared in the preparation. The 
new solution was concentrated at a gentle heat, precipitated again 
with alcohol, the peptone boiled and washed with alcohol, allowed 
to stand for some time with a large quantity of absolute alcohol, 
again treated with ether as before, and as it had now become friable, 
it was immediately dried in vacuo over sulphuric acid. On attempt- 
ing to dry it at 100° C. the meliing mass foamed so much that it had to 
be dried in the air. When this had been done with frequent stirring 
on the water bath for several days, the mass was finally dried com- 
pletely in vacuo, first at 100° C, then at 105° C. A few weeks of 
this drying were needed to bring the substance to a constant weight, 
and in order to prepare the various quantities for analysis they had 
to remain in vacuo over sulphuric acid and at 105° C. for some time. 
Probably in consequence of the thorough treatment with ether, the 
preparation when warmed gave much less odor than the former one. 

Composition of Antipeptone (D). 

I. 0*5061 gram substance gave 0*2875 gram H a O = 6*31 per cent. 
H and 0*7937 gram CO, = 42*76 per cent. C. 
II. 0*4449 gram substance gave 0*2527 gram H a O = 6*31 per cent. 
H and 0*7024 gram CO a = 43*05 per cent. C. 

III. 0*5010 gram substance gave 0*2870 gram H 9 = 6*36 per cent. 

H and 0*7885 gram C0 9 = 42*91 per cent. C. 

IV. 0*4414 gram substance gave 56*0 c. c. N at 21*0° C. and 

759*2 mm. pressure = 14*91 per cent. N. 
V. 0*5870 gram substance gave 76*5 c. c. N at 21*6° C. and 

758*0 mm. pressure = 15*13 per cent. N. 
VI. 0*6930 gram substance gave 0*0694 gram ash = 10*01 per cent. 
VII. 0*5017 gram substance gave 0*0504 gram ash= 10*04 per cent. 
VIII. The ash from 0501 7 gram substance gave 0*0325 gram BaS0 4 
=0*89 per cent. S calculated on the original substance. 
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On account of the large percentage of ash and the large amount 
of sulphates, the sulphur of the organic matter was not determined. 

Percentage composition of the ash-free substance. 

Average. 

47-68 

703 

16-57 1680 16-68 

Antipeptone (E). 

In order to obtain a still purer preparation and especially to free it 
from the large percentage of ash, a portion of antipeptone (D) was 
dissolved in boiling water after the first treatment with ether, then 
when cold the solution was acidified with sulphuric acid to such an 
extent that it contained 6 per cent, of acid and precipitated with a 
large excess of phosphotungstic acid. The precipitate, after the 
manner already described under amphopeptone (B), was washed thor- 
oughly with dilute sulphuric acid and then with water, finally de- 
composed with baryta, the barium-peptone precipitated with alcohol, 
washed, the alcohol driven off" by heat, the aqueous solution of the 
compound exactly decomposed with sulphuric acid, the solution con- 
centrated after the addition of a few drops of ammonia, precipitated 
with alcohol, dissolved again in water, concentrated with the addi- 
tion of a little acetic acid, again precipitated with alcohol, and the 
product so obtained treated thoroughly with alcohol and ether in the 
same manner as preparation D, and finally dried in the same manner 
as that. The substance so prepared, was lighter colored than the 
preceding, not quite so hygroscopic, and in drying gave scarcely any 
odor. 

The analysis of the product is shown in the accompanying table. 

Antipeptone (F). (Gland peptone.) 

This peptone was obtained as a bye product in a preparation of 
trypsin from 1,000 grams of dry pancreas and was formed wholly 
from the albuminous bodies of the gland substance, after extraction 
with alcohol and ether. It is not probable that the peptone con- 
tained, in any considerable quantity, any products from the digestion 
of elastin, since the elastic tissue could have been but little altered 
under the conditions in which the self digestion of the gland took 
place during the preparation of the infusion, and furthermore there 
would have b eu needed lor solution in the latter, a finer subdivision 



30 



Kilhne and Chittenden — Peptones. 



W 



S w 






















o # 


• 


1 


• 


i 


1 


1 


t 


1 


1 


T-l 


£ m ^ 


i 
• 


« 

1 


• 

1 


i 
i 


1 
1 


1 
1 


i 
• 


■ 

1 


1 


tH 

• 


© 


• 


1 


1 


i 


1 


1 


i 


• 


1 


© 


CO 43 






















-M 






















<D 






















BaS0 4 
from tb 
ash. 
gram. 


i 

i 
i 


1 
1 
1 
1 


1 
1 
1 
1 


i 
i 
i 
i 


1 
1 
1 
1 


1 
1 
1 
1 


i 

i 
i 
i 


1 
1 
• 
• 


1 
1 
1 
1 


s 

© 
© 


GO 






















t- bo . 






















<D B 43 
^* *rt GO 


■ 


1 


1 


i 


1 


1 


i 


CO 


»o 


1 


fl « » «^ 


■ 


1 


1 
1 


i 
i 


• 
1 


1 
1 


i 
i 


CO 

• 


CO 

• 


1 
1 


-,« _= *tH 


i 


1 


1 


i 


1 


1 


i 


o 


© 


1 


DQ^J o 






















o 






















T 


3 _ 

1 




— 


— 





_ — 




— - 


















■ 


1 


• 


i 


• 


1 


i 


-* 


CO 


1 


GQ>fc 




1 


1 


i 
i 


1 
1 


1 


i 
i 


t- 


t> 


1 




i 


■ 


1 


• 


1 


f 


i 


o 


© 


1 


on 2 s 


i 


1 




i 


• 


• 


i 


g 


8 


1 


CO g 08 


i 


1 


1 


i 


1 


1 


1 


J5 


CO 


1 


* 2 t 


■ 


1 


1 


i 
i 


1 


1 
1 


i 
• 


o 

• 

o 


© 

• 

© 


• 


r4 


• 


• 


■ 


i 


1 


fc- 


00 


1 


, 


1 


0Q>* 


• 


1 


1 


• 


1 


co 


CO 


t 


1 


1 


<5 


• 




1 


■ 


1 


CO 


CO 


1 


1 


• 


-g'gs 


i 


1 


1 


i 


1 


CO 


CO 
CO 


• 




1 


"5 5 S 


• 


f 


1 


1 


1 


C4 


o* 


• 


1 


i 


^£ bo 


i 


1 


1 


■ 


1 
1 


o 

• 

o 


o 

» 

o 




• 

1 


1 
I 




■ 




"l-H 


CO 


00 












fe\fc 


« 


1 


CO 

• 


CO 

• 


• 


1 
* 


1 
1 


1 
1 


1 
1 


1 
1 








tH 


TH 


!-H 




1 


1 


1 


1 




£ ® a 
© *« c 


* 
■ 


1 
• 


CO 


• 


CO 

• 


1 


1 


1 
1 


I 
1 


1 

1 




Pui OQ ° 




1 


lO 


»© 


io 


1 


1 


1 


1 


1 


p 

O 






l> 


t- 


l> 




1 




I 


1 


eJ? 


■ 
• 


1 
1 




-<* 

• 


• 

T-l 


1 


1 
1 


t 


i 
1 


1 

I 


fc 


u O 


■ 


1 


O* 


a 


cs 


• 






1 










00 


© 


CO 














o 


• 


1 


CO 

• 


• 

o 


CO 


1 


1 


1 


1 


1 




• 


• 


1 


© 


©* 


CO 


1 


1 


1 


1 


1 




o 






l© 


tH 


© 














i» 


TH 


















O V*. 


o 

• 


• 


1 


1 


• 


• 


1 


1 


1 


• 




9 


tH 
^ 


1 


1 


1 


1 






1 


1 


OSs 


O 

3 


o 
o 

CO 


1 
1 


1 


1 
1 


1 
1 


1 

1 


1 
1 


1 
1 


1 
1 


° 5 & 


O 

• 


• 


1 
1 


• 

1 


1 

1 


1 
1 


1 
1 


1 
1 


1 
1 


1 
1 


«M w *' 




T-l 

CO 




















• 


1 


t 


1 


1 


■ 


1 


1 


«^ 


• 


• 


• 

1 


1 


1 
1 


1 
• 


1 
1 


1 
1 


1 

» 


I 
1 




CO 


CO 


1 


1 


• 


1 


1 


■ 


1 


1 


• 


<M 


C& 


















H„0 
ounc 
ram 


CO 

• 


00 
A 
CO 

• 


1 
• 
1 


1 
1 
1 
1 


1 
1 
1 
1 


1 
1 
1 
t 


1 
1 
1 


1 
• 

1 


. 

1 
1 
• 


1 
• 
1 
1 


<*- QO 


o 


o 


4 
















<D . . 


T— 1 


©* 


TH 


o 


© 


CO 


©* 


o 


00 


00 


!ub- 
anc 
sed 
ram 


CO 


© 


o>rf 


^5 


i> 


© 


CO 


© 


CO 


c* 


iO 


00 


© 


© 


CO 


t~ 


CO 


!-H 


3 


1-t 


<o 


CO 


CO 


fc- 


CO 


1» 


CO 


© 


©* 


^•g = bo 


• 

o 


• 

o 


• 
o 


• 

o 


• 

o 


• 

O 


o 


• 

o 


• 

© 


• 
TH 




6 


H- 1 


t— 1 
I— 1 


H- 1 


> 

t— 1 


> 


> 


t— 1 

M 

> 


1— 1 
1—1 

> 


h 


M 



© 



bo 

00 


§ 


Ob 
CO 

• 


2P 
«* 






© 

> 

< 


% 


<to 


00 

1*1 


<2> 




• 


• 
• 
i 


• 

i 
■ 


1 
1 
1 


00 

CO 

• 

© 


r 
l 
1 
• 



*1 



I 


■ 


• CO 


• 


1 


1 


• co 


• 


1 




i • 


• 


1 


1 


• © 


• 



! *° 
! « 

• ao 



1 TH 

• CO 

• 00 



: °o 

• • 

• 00 



A> O* l> 

ffij ^ CO 

5* 



CO CO 



I I 
I I 



O B » QQ o 



HTuhne and Chittenden — Peptones. 31 

and long continued action. However this may be, the albumins of 
the pancreas naturally cannot be classified with the substances ordi- 
narily used in digestion experiments, such for example as fibrin, 
without further investigation, for although there may be substances 
in the gland cells like serum-albumin, globulin and myosin, there are 
also many bodies quite different from these, as, for example, the leu- 
coid precipitated by excess of acetic acid, zymogen and trypsinogen, 
all of which are decomposed by self-digestion and yield amido acids 
and peptones. So long as trypsin digestions are not ordinarily con- 
ducted with pure trypsin, it is of especial interest to find out the 
composition of the gland peptones, which, as a rule, have invariably 
beeu mixed in greater or less quantity with the antipeptones hitherto 
investigated. 

Preparation. — 1,000 grams of dry pancreas were warmed at 40° C. 
for twelve hours with five litres of 0*1 per cent, salicylic acid and 
0*25 per cent, of thymol, filtered through muslin, the residue 
warmed another twelve hours with two litres of 0*25 per cent, 
sodium carbonate and 0*5 per cent, of thymol, again filtered and 
pressed, the two fluids united, brought up to an alkalinity of 0*25 
per cent, of sodium carbonate and then warmed at 40° C. for three 
days. 

After filtering through paper, the whole solution was slightly acidi- 
fied with acetic acid and then saturated with five kilos, of ammo- 
nium sulphate, by which means there was precipitated a little albu- 
mose and all of the trypsin, the further treatment of which is of no 
interest here, while the gland peptone remained in solution. It is 
to be noticed in the separation of this peptone flhat it was treated 
exactly like preparation (C), excepting that the second purification 
with ether could be omitted. The preparation, after drying for some 
time, left a small residue of tyrosin when dissolved in cold water. It 
was therefore precipitated from this solution with alcohol, then freed 
from alcohol by boiling with water, dried directly over a water-bath 
and finally in vacuo at 106° C. until a constant weight was obtained. 

The analysis of the product is seen in the following table. 

Antipeptone (G). (Gland peptone.) 

This preparation was obtained from the preceding product by the 
following process; the solution of the peptone was acidified with 6 
per cent, of sulphuric acid, precipitated with a large excess of phos- 
photungstic acid, the precipitate carefully washed, then decomposed 
with barium hydroxide, the latter exactly removed with dilute sul- 
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phuric acid, the solution concentrated, the peptone precipitated and 
washed with alcohol and finally boiled with alcohol. The partially 
dry product was then dissolved in cold water, leaving a small amor- 
phous residue which gave no reaction for tyrosin. The solution 
was then concentrated on the water-bath and again precipitated 
with alcohol, after which it was dried finally, over sulphuric acid in 
vacuo and at 106° C. in vacuo, until o\ constant weight. 
The following table shows the results of the analysis. 

Antipeptone (H). (Gland peptone.) 

This product was prepared and purified in exactly the same manner 
as the former one (G), but was made from another trypsin prepara- 
tion, in which a smaller amount of dry pancreas was used. When 
dissolved for the last time in cold water, some little insoluble matter 
remained (from which it was freed) which, however gave no reaction 
for tyrosin. 

The following table shows the results of the analysis. 

General properties op the Peptones. 

We should have liked to study more accurately the physical be- 
havior of the different samples of peptones, especially their optical 
properties as determined by specific rotary power. It was easy to 
show that they were all laevo-rotary, but we have not yet succeeded 
in making any quantitative determinations of sufficient accuracy to 
be of value. The decidedly brown color of the solutions prevented 
the use of a sufficiently long tube, or a solution of the proper concen- 
tration, necessary to determine specific rotation. 

It would be of still greater importance to investigate the rate of 
diffusion of peptones, it being more necessary from the fact, that pre- 
vious observations on the diffusion of the products of digestion can 
have but little reference to pure peptones, but rather to the albumose 
bodies so long overlooked. We have, however, not as yet begun these 
investigations owing to lack of material. All of the peptones obtained 
by us in the dry state, showed considerable rise of temperature when 
moistened with, or dissolved in water. 

It is worthy of notice, physiologically, that according to observations 
made in the physiological Institute at Heidelberg, by Dr. Pollitzer 
of New York, no one of the peptones would hasten or retard coagu- 
lation of the blood, either when injected into the veins or added to the 
shed blood, such action being due wholly to certain of the albumose 
bodies. 
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A few observations on the taste of peptones are of interest. While 
the genuine albumins and the albumose bodies excite practically no 
sense of taste, the less so the purer they are, it appears as if peptones 
belong to the most offensively tasting bodies. In order to see what 
an important change the taste of an albuminous body undergoes on 
digestion, and at the same time what the taste of peptones is, warm< 
50 c. c. of fresh milk to 40° C. and then add to it a small fragment of 
soluble trypsin (prepared from ox pancreas), which excites no taste of 
itself. The milk at first coagulates, then regains its former appearance 
by solution of the coagulum, but tastes no better than gall. Never- 
theless we believe that the especially objectionable taste proceeds not 
from peptones, but from certain compounds heretofore only acci- 
dentally separated from them. For, among our preparations, which 
as a whole tasted something like roast meat, as if burnt, but above all 
nauseatingly bitter and astringent even in a 2 per cent, solution, we 
found one that in a 10 per cent, solution was free from this dis- 
agreeable peculiarity and had a pleasant, sweet taste like meat. 
It is to be noticed that this was the preparation of antipeptone (F) 
which had not been purified by phosphotungstic acid. Only by 
taking a large swallow was there noticed a not unpleasant taste, 
peculiar to certain cheeses after becoming alkaline. 

The most important property for the separation and treatment of 
peptones is for the present, the lack of precipitation by a great 
number of reagents, which precipitate more or less perfectly albumins 
and albumose bodies, especially sodium chloride, either alon*, or with 
the"addition of acid. We have repeatedly confirmed the observations 
made by Wenz that even sodium chloride and acetic acid, sodium 
chloride and nitric acid or metaphosphoric acid do not completely 
precipitate the albumose bodies. In whatever proportion these addi- 
tions may be made, there always remains at the end a solution which 
gives with alcohol a precipitate of salt, in which albumose is still to 
be found, or from which albumose may be separated by dialysing and 
concentrating, according to the method already used. The only per- 
fect precipitant of these substances is ammonium sulphate. It is how- 
ever an error to attribute to this salt the same action on peptones. 
Wherever peptones occur, they will always be found in the filtrate 
from a solution saturated with ammonium sulphate, and we must 
conclude from 'some opposed statements that in the experiments on 
which they are based, albumose bodies instead of peptones were pres- 
ent, since we are certain that by means of our new method, it can be 
generally shown what an unexpected difference exists between the ap- 
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parently vigorous action of a poorly prepared gastric juice, or com- 
mercial preparation of pepsin and the action of solutions actually rioh 
in pepsin. Even where the fibrin almost instantly disappears, the 
amount of ferment may still be quite insufficient to produce noticeable 
traces of peptones. Therefore care must be taken not to conclude 
immediately from a speedy solution, that digestion has been com- 
plete, since this is to be determined only by the disappearance of the 
primary cleavage products of digestion, that is, the change of albumose 
into peptones. 

It was especially interesting to ascertain whether peptones iso- 
lated according to the methods already described, were likewise pre- 
cipitated by ammonium sulphate or by other reagents that precipi- 
tate the albumose bodies, a question which was interesting considering 
the oft-asserted formation of albumin or albumose from peptones. 
To our surprise we noticed in the beginning that both antipep- 
tone and amphopeptone after complete purification, under certain 
circumstances gave rise to a turbidity or even a resinous precipitate, 
not only with ammonium sulphate, but also when their solutions were 
saturated with salt or when treated with acetic acid, nitric acid 
or metaphosphoric acid, just as if albumose had been formed or the 
albumose not completely removed by the previous treatment. Even 
if these precipitates concerned only a ♦small part of the material in 
solution, their appearance would need explanation. So far as we can 
now determine, the occasion of this behavior is a circumstance con- 
cerning which we do not care to decide whether it really depends on 
the formation of albumose from peptone or not. It is to be ob- 
served that if the purification of the peptone by sulphuric acid is 
conducted incautiously, either on decomposing the barium-peptone or 
on acidifying before precipitation with phosphotungstic acid, the 
appearance afterward of albumose is avoided provided the solutions, 
when warm, are never exposed to an excess of acid. That a resinous 
precipitate appears, while boiling the solution saturated with ammo- 
nium sulphate at 110° C. has already been mentioned, but this can- 
not cause any impurity of the peptone remaining in solution, any 
more than the well known precipitation of antialbumid during trypsin 
digestion can occasion an impurity of the antipeptone. 

Since the fact is proved that peptones are not precipitated by am- 
monium sulphate, these bodies are then characterized more than ever 
by the property long attributed to them of being rendered turbid by 
very few reagents and completely precipitated by a still more lim- 
ited number. A list of the latter reagents includes only tannin 
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and mercuric iodide in potassium iodide, while imperfect precipitants 
of peptones are phosphotungstic acid or phosphomolybdic acid and 
picric acid. 
The following list shows the further action of various reagents. 

Reactions of Peptones free from albumose and purified by phos- 
photungstic acid. 

In 5 per cent, solution, after being made noticeably alkaline with 
a trace of sodium carbonate. 





Fibrin antlpeptone. 


Fibrin amphopeptone. 


Acetic acid and potassium 
ferrocyanide. 


At first perfectly clear, later trace 
of opalescence. 


The same. 


Neutral lead acetate. 


First drop, ; more, turbidity. 


The same, but much 
weaker. 


Basic lead acetate. 


Turbidity immediately ; more, 
strong turbidity. 


The same, but weaker. 


Mercuric chloride. 


First drop, ; more, strong tur- 
bidity. 


Turbidity immediately, 
growing stronger. 


5 per cent, cupric sulphate. 


At first clear ; more, slight turbid- 
ity disappearing with great ex- 
cess. 


Nothing. 


5 per cent, platinum chloride. 


Only excess, strong turbidity. 


Nothing. 


Ohromic acid. 


Nothing. 


Nothing. 


Ferric chloride. 


A trace gives turbidity vanishing 
with the least excess. 


Nothing. 


Glacial acetic acid and cone, 
sulphuric acid. 


Brownish red. 


The same. 


Nitric acid. 


The color changing yellow in the 
cold. 


The same. 


Boiling with cone, hydro- 
chloric acid. 


The color becomes slightly darker. 


The same. 


Millon's reaction. 


At first a heavy white precipitate ; 
on warming, dirty yellow or 
reddish. 


The same, then beauti- 
ful red color. 



Without desiring to claim especial value in general for these reac- 
tions and for smaller differences between the two peptones, some of 
them, however, may be more closely examined. 

The slight intensification of color by boiling with concentrated 
hydrochloric acid is striking, for we have not ordinarily been able to 
obtain it, even with peptone in substance or even on the addition of 
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concentrated sulphuric acid. Likewise, the reaction with sulphuric 
acid and glacial acetic must be described as almost unsuccessful. As 
this, however, is nothing other than Pettenkofer's test for bile acids, 
for which its discoverer has recommended concentrated acetic acid 
as a substitute for sugar, we have also tried the reaction with sugar, 
without however obtaining any better result, particularly not the 
beautiful violet-red which albumin and the albumose bodies give. 
Finally, the poor result of Millon's reaction with antipeptone, in con- 
trast to the brilliant red obtained with amphopeptone, is also to be 
remarked. To this reaction we shall return later. 

It has already been observed by many investigators that among 
the products of the digestion of albumin, bodies are not infrequently 
met with, which give little or no lead sulphide on boiling with sodium 
hydroxide and lead acetate. This is not at all strange, since the pep- 
tones prepared by us show on analysis less than one per cent, of sul- 
phur, in striking contrast to the albumins and albumose bodies, all of 
which contain much larger percentages. In the gland peptones 
(F, G, H,) the sulphur amounted to only 0*50, 0-81 and 0*57 per cent, 
respectively. The peculiarity of peptones in giving up a part of 
their sulphur when warmed with alkali, apparently stands in no direct 
connection with the percentage amount of sulphur. Indeed, solutions 
of the antipeptones G and H, of which the first possessed the lowest 
percentage of sulphur found, showed no browning with this test, 
and only a trace of it when solid particles of the peptone were heated 
with a concentrated solution of alkali containing lead. But the gland 
peptone (F) not purified by phosphotungstic acid and with only 0*15 
per cent, of sulphur became slightly darkened in solution. On the 
other hand, the purest amphopeptone (B) with 0-77 per cent, of sul- 
phur gave the reaction very faintly, while antipeptone C with 0*73 
per cent, of sulphur gave it very plainly. Probably the reaction is 
not to be attributed to the peptones themselves, but proceeds from 
contamination with an easily decomposed substance containing sul- 
phur, whose removal still depends on chance. 

It may be assumed as completely proved that the rose or violet 
coloration, which the products of pancreatic digestion assume with 
bromine or chlorine water, is due to some special body and not to 
antipeptone. We had previously shown this to be the case with the 
antipeptone obtained by the action of trypsin from antialbumid, 
and have now also found in all antipeptones purified with phospho- 
tungstic acid, the absence of all color on addition of bromine water, 
either in large or small quantity. 
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Finally, not to overlook the most striking reaction of peptones, 
we mention further the brilliant so-called biuret reaction which is to 
be seen, if possible, still more intense in the purer peptones, what- 
ever their origin, than in those formerly used. 

Composition of the Peptones. 

For the sake of comparison we present in the following table the 
percentage composition of the various samples of peptones, calculated 
on the ash-free substance. The ash found, consisting in every case 
of calcium, a little sodium, potassium, traces of barium and iron, car- 
bonic acid, phosphoric acid and sulphuric acid, is placed at the 
foot of the columns. 





Ampho- (pepsin) peptone from 
llbrin. 


I Antl- (trypsin) peptone. 

i 




A. 


B. 


b. 


c. 


D. 


E. 


F. 


G. 


H. 




Contain- 
ing muclD- 
peptone. 


From purified pepsin 

and purified with 

phosphotangBtic 

acid. 


Prepared from fibrin. 


Olandpeptone. 




i 


Purified 

more with 

ether. 


Purified 
with phos- 
photungs- 

tic acid. 




Purified with 

phosph otungatic 

acid. 


c 

H 

N 
S 



44 53 
649 

1673 
072 

31 53 


48-75 
7*21 

16-26 
0-77 

2701 


48-47 

702 

16-86 


47-30 
673 

16-83 
0-73 

28-41 


4768 

7 03 

16-68 

» * • m 
m «■ «» * 


4659 
6*69 

18-28 
0-67 

27-77 


44-45 
7-17 

17-06 
50 

30-82 


4296 
7-26 

17-80 
0-31 

31-67 


44 47 
7-16 

17*94 
057 

29-87 


Ash 


811 


3-22 


2-16 


5-26 


10-02 


367 


5-54 


193 


207 



The nature of the substance, which at present affords but little 
proof that we have to deal with a simple body and not a mix- 
ture of chemical bodies, places the greatest restrictions on the use of 
the above values, and only under such reserve is to be understood 
what is hereafter added. As regards the analysis of the single sub- 
stances, we are inclined to believe that only in amphopeptone B, is 
there a difference in the percentage of carbon greater than the ordi- 
nary differences naturally to be expected in amorphous materials so 
difficult to prepare. 

Amphopeptone A, with the lowest percentage of carbon, has 
already been described as a mixture of fibrin-peptone and mucin- 
peptone. If we have succeeded in removing the latter, by using 
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purified pepsin, then the figures obtained from B and b may be con- 
sidered as representing the first gastric peptone prepared free from 
albumose. The correspondence between the two, in spite of the fact 
that by continued purification of b we succeeded in reducing the ash 
by more than 1 per cent., we think may be considered as grounds for 
this assumption. In opposition therefore to the majority of pre- 
vious statements, including our own, which as now easily understood 
referred to mixtures of albumose and peptones, there is to be noticed 
in pure amphopeptone about 1 per cent, lower content of carbon, 
about as much higher a percentage of nitrogen and 0*3-0 '4 per cent, 
lower content of sulphur. 

With antipeptone, the variation from the previous results was 
less expected, for we are not inclined to believe that in our former 
long and thorough typsin digestions, any appreciable quantity of 
albumose remained and in the more recent ones, the precipitate pro- 
duced by ammonium sulphate was never abundant if the matter 
separated by boiling in a slightly acid solution was previously 
removed. The differences found, however, might be readily explained 
by the fact that the purification of the peptone had this time been 
more complete, owing partly doubtless to the formation of the 
barium compound, and partly also to the precipitation with phospho- 
tungstic acid. The content of carbon is seen to be about 1 per cent, 
lower, the content of sulphur likewise lower and the percentage of 
nitrogen decidedly higher, in one case as much as 4 per cent, more 
than before. The real reason for this difference in composition 
appears to us to lie in the use of much larger quantities of trypsin, 
which formerly was only possible by using large quantities of the 
gland substance, so that the fibrin-antipeptone would naturally be 
obtained mixed with the gland peptone. It is well for the future 
that we know the composition of these gland peptones, for they 
differ essentially, in the lower content of carbon (in one case 42*96 
per cent.), from all other peptones hitherto investigated. These 
bodies might be pronounced troublesome intruders with the same 
right as the mucin-peptone arising from gastric digestion, although 
we found in it, aside from the percentage composition, no reaction 
and no property which would serve to distinguish it from the other 
peptones. 

After these considerations, little stress can be laid on the differences 
between the composition of pepsin and trypsin peptones. We have 
found, however, another difference which we will examine more 
closely. 
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Cleavage of the peptones. 

As already mentioned, Millon's reaction appears very brilliant with 
amphopeptone, but more or less imperfectly with antipeptone. As 
the reaction is sure only under certain circumstances we have not 
neglected to perform it in every possible way, either by using the 
same concentration of solutions of the two peptones under exactly 
the same conditions, or by trying the most successful variations of the 
experiment for antipeptone. Thus it was found that the preparations 
C, D, E,and F, treated in a suitable way, gave an appreciable reaction, 
but in no case so that more than a dirty, generally orange red pre- 
cipitate was obtained. On the contrary, all trials with gland pep- 
tone purified with phosphotungstic acid, failed to give more than a 
simple yellow color. Since Millon's reaction for albumin corresponds 
with the so-called Hoffmann's test for tyrosin, and since with albu- 
min it probably depends on the separation of tyrosin by boiling 
with the acid solution of murcuric nitrate, if not by the formation of 
further decomposition products of tyrosin (hydroparacumaric acids) 
which likewise redden with the test, it might be presumed that anti- 
peptone, in contrast to the amphopeptone of pepsin digestion, forms 
no tyrosin by cleavage. So far as the action of trypsin is concerned, 
this was already known, since the real difference between gastric and 
pancreatic peptones consists in the fact that only the former, when 
treated with trypsin, yield tyrosin together with leucin and other 
decomposition products — in our opinion because they contain hemi- 
peptone capable of further cleavage (together with antipeptone). 
It was also known to us, however, that antipeptone during cleavage 
with boiling sulphuric acid yields the amido acids, and among them 
also tyrosin. Renewed investigations on this subject appeared called 
for now, since we thought ourselves in possession of much purer pre- 
parations of antipeptone. 

First, we established the possibility of decomposing with trypsin, 
amphopeptone entirely free from albumose. A few hours' digestion 
in a small test tube, of 1 gram of peptone in 10 c. c. of water, contain- 
ing # 25 per cent, of sodium carbonate with a little thymol and a 
fragment of purified pepsin, sufficed for this purpose. By concen- 
trating the neutralized solution and boiling the residue with alcohol, 
a decided residue was obtained in which balls of leucin and bundles 
of tyrosin were to be seen under the microscope without further 
preparation. The residue was also colored a beautiful violet with 
bromine water. We also sacrificed a large quantity of ampho- 
peptone to the same experiment and obtained the tyrosin pure (free 
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from peptone) and tested it, both by Millon's reaction and Piria's 
test. Further, a few grams of the same preparation were heated for 
several days with six times its weight of sulphuric acid (2 : 3 water), 
and after removing the acid with barium hydroxide, tyrosin and 
leucin were found among the decomposition products. 

Antipeptone was now likewise submitted to the above treatment. 
The method of conducting this experiment with albuminous bodies 
which we have used successfully, even with 2-3 grams of substance, 
is as follows. The substance is placed in a small, strong flask stand- 
ing on an asbestos plate, and five or six times the weight of sulphuric 
acid of the above mentioned strength is added and the mixture kept 
boiling as long as desired. The loss of water by evaporation is pre- 
vented by connecting to the neck of the flask a glass tube 1 metre 
long and 1 centimetre in diameter, so that the lower end cannot be 
closed by a drop of water. The upper end of the tube is drawn out 
to a capillary point and as it does not become warm at the top dur- 
ing the boiling of the fluid, all loss of water is prevented. 

To be as sure as possible, we have treated the antipeptone in this 
manner for 48 hours. The contents of the flask were then much 
diluted with water, filtered from the sticky residue always present, 
made alkaline with a concentrated solution of barium hydroxide, the 
barium separated from the filtrate by sulphuric acid, after which the 
clear fluid was concentrated and allowed to crystallize. It is not 
advisable to remove the sulphuric acid with barium carbonate, since the 
latter is unavoidably used in excess, for it is very undesirable to have 
the barium precipitate unnecessarily increased in bulk, as the cleav- 
age products of albumin are difficult to remove even with hot water. 
Further, the mixure is made alkaline by barium carbonate and 
soluble barium compounds always appear, which must be removed 
by sulphuric acid in every case. 

In the strongly concentrated solution finally obtained, in case 
leucin and tyrosin have really been formed, as with most albuminous 
bodies, their presence may be readily shown microscopically and 
after suitable separation of the mother liquor, or if necessary, after 
re- crystallization from dilute alcohol, their chemical reactions may 
likewise be obtained. We have succeeded after this manner in showing 
the presence of leucin always in antipeptone ; tyrosin, however, only in 
a few cases, and even then only after repeated crystallization. When- 
ever tyrosin occurred it was in exceedingly small quantities. From 
the antipeptones (gland peptones H and G) with which Millon's test 
had hitherto failed, tyrosin could not be obtained at all, and that 

Trans. Conn. Acad., Vol. VII. 32 Nov., 1886. 
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tyrosin was really absent in this case was shown by the final exam- 
ination of the whole united residues by Hoffman's test, which was 
absolutely negative, while it appeared plainly with the products of 
the remaining antipeptones. 

Although we do not wish to consider the behavior of the gland 
peptones as a criterion for antipeptone in general, still this result, 
united with the small amount of tyrosin obtained from the latter, 
seemed to call for further investigations concerning the decomposi- 
tion of those primary cleavage products of albumin related to the 
antipeptones, especially antialbumid. We began this extension of 
our work because during our treatment of the subject an article of 
Maly's* appeared, in which he described a very interesting cleavage 
and oxidation product, obtained by treating albumin with potassium 
permanganate, which product possesses the essential properties of the 
albumins, and yet on further decomposition does not yield tyrosin. 
It is questionable, therefore, whether this property is not the one 
directly distinguishing the bodies of the anti- group from the pri- 
mary cleavage products of the albumins. 

A few preliminary experiments were made with samples of anti- 
albumid prepared by the action of boiling dilute sulphuric acid, both 
on fibrin and Thiry's neutralization precipitate from egg-albumin, 
also with the antialbumid remaining from the digestion of fibrin 
with trypsin, and finally with a small neutralization precipitate 
of so-called parapeptone from an incomplete pepsin digestion of fibrin, 
which we regarded as antialbumose. After these experiments as a 
whole, had resulted contrary to our expectations, in that a moderate 
amount of tyrosin appeared after boiling the substance for a long 
time with sulphuric acid, we submitted to decomposition a prepara- 
tion from which we thought we could expect a decisive result. 
This preparation was an antialbumid from egg albumin, made in one of 
our former investigations as follows : White of egg freed from mem- 
brane, was coagulated by heat in an acid solution, the coagulum fil- 
tered, thoroughly washed and then heated for a long time at 100° C. 
with dilute sulphuric acid, the residue filtered, washed thoroughly 
with water, dissolved in sodium carbonate, precipitated by neutraliz- 
ation, the precipitate dissolved in 0*2 per cent, hydrochloric acid and 
the antialbumid freed from all other other albuminous bodies by long 
continued digestion with pepsin. The antialbumid was then separated 
from the solution by neutralization, washed, dissolved in 0*5 per 

* Wiener Acad. Sitzungsber., xci, Abth. 5, February, 1885. 
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cent, sodium carbonate, warmed with trypsin at 40° C, and after the 
antialbumid had partially separated as a jelly-like mass, it was 
filtered and washed with water, finally with alcohol and ether. This 
product could not possibly contain any known albumin, albumose or 
peptone and undoubtedly formed the purest sample of antialbumid 
yet prepared. 

By decomposing this body with sulphuric acid, a residue was 
finally obtained which to our surprise gave but the slightest reaction 
for tyrosin with Millon's and Hoffmann's test, with Piria's test no 
reaction whatever, and in spite of endeavors continued for weeks not 
a single crystal of tyrosin could be detected. Leucin was found in 
very small quantity and in addition there were seen large lustrous 
balls of crystals of some nitrogenous substance, too small in quantity 
to be identified. 



On the dehydration op Glucose in the Stomach and 
Intestines. By R. H. Chittenden. 

In a series of interesting communications* " On the physiology of 
the carbohydrates in the animal system," Dr. F. W. Pavy has 
brought forward evidence to show that glucose, generally considered 
as the final product of amylolytic action, can be converted within the 
animal body into a product of less cupric oxide-reducing power; 
that there exists particularly in the stomach and intestines of rabbits, 
a ferment which has a dehydrating action upon glucose or dextrose, 
transforming it into a body akin to maltose in reducing power. 

Hitherto, it has been generally supposed that the transformations 
which carbohydrates undergo in the animal system are in the nature 
of gradual hydration changes, in which each step forward toward 
the final product is attended with the formation of bodies of in- 
creased cupric oxide-reducing power. Dr. Pavy's results, however, 
would tend to show that transformations in the opposite direction do 
occur and this notably in the stomach and intestines of rabbits. 

Dr. Pavy's conclusions concerning this dehydration of glucose in 
the animal system, are based upon changes in the cupric oxide-reduc- 
ing power of the carbohydrate, after contact with portions of the 
stomach and intestines for short periods of time at 48*8° C. It is a 
well known fact that the reducing power of pure glucose is not 
affected by boiling with dilute sulphuric acid, while under like treat- 
ment, maltose and similar bodies are readily converted into glucose 
or into a body of like cupric oxide-reducing power. 

Dr. Pavy finds, as the result of a large number of experiments, 
that a solution of glucose or grape sugar, by mere contact with the 
stomach and intestines of a rabbit at 48*8° C. is changed into a body 
of less cupric-oxide reducing power, and that by boiling with dilute 
sulphuric acid this product is carried back agaisH^to glucose. Thus, 
in one experiment, 0*138 gram of glucose i^ contact with strips of 
stomach from a rabbit for one hour and a half at 48*8° C. showed, 
after removal of the dissolved albumin by boiling with sodium sul- 
phate, a reducing power calculated to the entire amount equivalent 
to only 0*080 gram of glucose ; while after boiling with dilute sul- 

* Chemical News, 1884, vol. xlix, pages 128, 140, 155, 162, 172 and 183. 
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phuric acid (the solution containing two per cent. H,S0 4 ) the cnpric 
oxide-reducing power was increased to the equivalent of 0*134 gram 
of glucose, or nearly equal to the amount started with. 

It is to be noticed in the experiment just quoted, that the cupric 
oxide-reducing power, before and after treatment with sulphuric acid, 
stand to each other in the proportion of 58 : 100, or in about the rela- 
tion of maltose (61) to glucose (100). In some experiments, how- 
ever, the reducing power before boiling with dilute acid, was so low 
as to warrant the belief that dextrins were also formed. This .result 
is a type of many similar ones obtained by Pavy with the stomach 
and intestines from various animals and in no instance, in the case 
of rabbits at least, so far as reported, were negative results obtained. 

The discovery of such a dehydrating ferment, hitherto unsus- 
pected, appeared to be a matter of so much importance that experi- 
ments have been tried in this laboratory from time to time during 
the past two years, with the view of confirming in part at least some 
of Dr. Pavy's results. To our surprise, however, in no case, have 
we been able to obtain results corresponding to those of Pavy's, 
although the animals experimented with (rabbits and cats) were 
taken in various stages of digestion. We therefore record here, 
some of the results simply in the hope that some light may be thrown 
upon the cause of this discrepancy ; or if, as may be, the ferment is 
not invariably present, some reason may be found for its constant 
absence in the tissues of the animals experimented with, and thus 
light be thrown upon the conditions which control its presence. 

The glucose used in the following experiments was a sample of 
crystallized anhydrous glucose presented to the laboratory by Dr. 
Arno Behr. The sugar was quite pure, as was ascertained by testing 
both its reducing power and specific rotary power, and more import- 
ant still, was not at all affected by boiling with dilute sulphuric acid. 
Thus 50 c. c. of a one per cent, solution of the glucose, mixed with 
sufficient 10 per cent, sulphuric acid to have the mixture contain two 
per cent, of H a S0 4 , was boiled for one and one-half hours, the flask 
being connected with an inverted Liebig's condenser to prevent con- 
centration. The solution was then neutralized, diluted to 100 c. c. 
and tested with Fehling's solution according to the method of Allihn. 
25 c. c. yielded 0*2414 gram of metallic copper, corresponding to 
0*1246 gram of glucose, whereas the 25 c. c. of solution should have 
contained 0*1250 gram of sugar. Evidently then, the reducing 
power of the sugar is not affected by treatment with dilute acid. 

First experiment. — A rabbit in full digestion was killed, the stom- 



48 It. S. Chittenden — Dehydration of Glucose. 

a ch emptied of its contents and then divided into two longitudinal 
halves along the curvatures. One-half, after being cleansed, was 
finely divided and placed in a small beaker with 70 c. c. of water con- 
taining 0*200 gram of glucose. An equivalent amount of the small 
intestine, similarly cleaned and divided, was placed in a second beaker 
in contact with 70 c. c. of water containing 0*150 gram of glucose. 
In both cases the entire walls, including rmiscularis and mucosa, 
were taken, since Pavy has indicated that the converting principle is 
situated not on the surface of the mucous membrane, but in the deeper 
part. The two mixtures were then placed in a bath and warmed at 
48*8° C. for nearly two hours; after which they were boiled, crystals 
of sodium sulphate being added to aid the removal of the dissolved 
albumin. The individual filtrates and washings were concentrated 
and finally brought to a volume of 100 c. c. Of this, 25 c. c. were 
used to determine the cupric oxide-reducing power of the solution 
directly, while 50 c. c. of each solution were mixed with sufficient 
ten per cent, sulphuric acid to insure a content of two per cent, and 
then boiled for two hours, in connection with an inverted Liebig's 
condenser to prevent concentration. The acid solutions were then 
neutralized, concentrated somewhat and finally brought back to a 
volume of 50 c. c. Following are the analytical results obtained 
with the two solutions, the reducing power being determined by 
Allihn's gravimetric method.* 

Stomach. 

a. Before treatment with sulphuric acid. 

25 c. c. gave 00746 gram Cu=0*0381 gram dextrose x 4=0*1524 gram dextrose. 

b. After treatment with sulphuric acid. 

25 c. c. gave 0-0728 gram Cu=0*0372 gram dextrose x 4=0-1488 gram dextrose. 

Intestine. 

a. Before treatment with sulphuric acid. 

25 c. c. gave 00512 gram Cu=0*0265 gram dextrose x 4=0*1 060 gram dextrose. 

b. After treatment with sulphuric acid. 

25 c. c. gave 00520 gram Cu=0*0269 gram dextrose x 4=0*1076 gram dextrose. 

Here, there is no evidence whatever that the glucose was affected 
bv its two hours' contact with the stomach and intestine of the rabbit 
at 48*8° C, the temperature specified by Pavy as that best adapted 
for the reaction. Certainly the reducing power of the glucose solu- 
tion is essentially the same before and after treatment with sulphuric 

— — - * ■ i - ■ ■ . -i ■■ — " "■ ■ — — i ■ ■ . ,i , » m 

*Zeitschrift fur Analytische Chemie, 22. Jahrgang, p. 448. 
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acid. Somewhat in accord with Pavy's results, however, is the fact 
that while 200 milligrams of glucose were introduced into the stom- 
ach mixture and 150 milligrams with the intestines, only 152*4 milli- 
grams were recovered from the former and 1 06 milligrams from the 
latter, although the residues after heating with sodium sulphate, were 
repeatedly and thoroughly washed with hot water. Assuming that 
this loss of sugar in the two cases is really due to change of glucose 
into lower reducing bodies, the relative reducing power of the sugar 
before and after contact with the stomach and intestines would be 
100:76*2 and 100:706 respectively. But if there had been any 
such change in reducing power, the treatment with sulphuric acid 
would certainly have indicated it. 

m 

Second experiment. — A rabbit in full digestion was killed and half 
of the stomach and a portion of the small intestine were cleaned and 
finely divided. The stomach tissue was then heated at 48*8° C. for 
one and one-half hours, with 70 c. c. of water containing 0*200 gram 
of glucose and the portion of intestine for the same length of time, 
with a like amount of glucose. Treated then in the same manner as 
the preceding solutions, the following results were obtained: 

Stomach. 

a. Before treatment with sulphuric acid. 

25 c. c. gave 0901 gram Cu =00460 gram dextrose x 4=0-1840 gram dextrose. 

b. After treatment with sulphuric acid. 

25 c. c. gave 00882 gram Cu =0*0450 gram dextrose x 4=0- 1800 gram dextrose. 

Intestine. 

a. Before treatment with sulphuric acid. 

25 c. c. gave 00690 gram Cu =0-0353 gram dextrose x 4=0*14 1 2 gram dextrose. 

b. After treatment with sulphuric acid. 

25 c. c. gave 0*0726 gram Cu =0*0371 gram dextrose x 4=0-1484 gram dextrose. 

In this experiment, a larger amount of sugar was recovered in the 
case of the stomach tissue than in the preceding experiment, but in 
neither the stomach or intestine is there any evidence of change in 
the reducing power oi the sugar before and after treatment with sul- 
phuric acid. In this conneetion it is to be remembered, that the only 
ground for belief in the existence of a dehydrating ferment in the 
stomach is the change, noticed by Pavy, in the reducing power of 
the sugar under the above method of treatment. Our method of 
treatment with sulphuric acid, moreover, both as to the length of 
time thef mixtures were heated and the strength of acid employed, was 
in" accord with the method used by Pavy. In addition, the same 
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niethod\of treatment was applied to a known solution of maltose with 
satisfactory^ces nity vi^t j tjrapid and complete change into dextrose 
as attested by the proper proportional increase in reducing power. 
Furthermore, we are led to infer from Pavy's results that the action 
of the ferment is to be seen to the best advantage in the rabbit. 
Thus Pavy states,* that without having made any precise compara- 
tive observations, 'I am under the impression that the stomach and 
the intestine of the rabbit act more energetically than the stomach 
and intestine of the other animals I have tried. It also appears to 
me that the stomach acts more energetically than the intestine, and 
in some instances I have noticed that the effect produced, has stood 
in relation to the amount of ferment material used." The hitter half 
of this statement would tend to indicate that the main reason for our 
not recovering all of the glucose is to be found either in a lack of 
sufficient washing of the tissue residue at the end of the experiment, 
or else in a slight fermentation by which a portion of the sugar 
might be decomposed ; for as is to be noticed in nearly all of the ex- 
periments recorded here, far less sugar is lost in the stomach than in 
the intestine, whereas if due to change in reducing power from the 
action of a dehydrating ferment, the greatest loss, Pavy's statement 
being correct, would be observed by contact with the stomach tissue. 
On the contrary, our results show greatest loss in the intestine, which 
if due to mechanical reasons would be naturally explained, since the 
glairy mass of tissue, even after boiling, affords mechanical obstacles 
to a thorough extraction. That this is doubtless the true explana- 
tion, in part at least, is evidenced by the fact that a portion of the 
stomach or intestine, previously boiled with water to destroy its 
vitality, yields results after the same order as those already given, 
except that the amount of sugar recovered is greater, as would nat- 
urally be expected since the tissue being already coagulated would 
not enclose the sugar so completely. Thus, on warming one-half of a 
rabbits' stomach, previously divided and boiled with water, with 0*200 
gram of glucose for two hours, there was recovered 0*1910 gram of 
the glucose; while from a portion of the small intestine, likewise 
boiled and treated with the same amount of glucose, there was recov- 
ered only 0*1840 gram of the sugar. Furthermore, fermentation of 
the sugar would naturally occur more quickly in the intestines than 
in the more compact stomach tissue. Be that as it may, the reduc- 
ing power of neither solution was affected by boiling with dilute sul- 
phuric acid. 

* Chemical News, vol. xlix, p. 141. 
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Third experiment. — A rabbit in a condition of hunger was killed, 
the stomach divided longitudinally along the curvatures, and one-half 
after being cleaned and finely divided, was placed in contact with 
0*200 gram of glucose dissolved in 70 c. c. of water, and warmed at 
48*8° C. for one and one-half hours. The mixture was then heated 
to boiling with the addition of some crystals of sodium sulphate, the 
tissue and coagulated albumin filtered off and the residue washed 
with about 800 c. c. of hot water. The fluid was concentrated, 
brought to a volume of 100 o. c. and then treated as in the preced- 
ing experiments. Following are the results obtained : 

Stomach. 

a. Before treatment with sulphuric acid. 
25 c. c. gave 0*0834 gram Cu =-0*0425 gram dextrose x 4=01700 gram dextrose. 

b. After treatment with sulphuric acid. 
25 c. c. gave 0*0798 gram Cu =0*0407 gram dextrose x 4=0 1628 gram dextrose. 

Here, as before, there is no evidence of any change in the charac- 
ter of the glucose ; still in spite of the comparatively large volume 
of wash-fluid used, the sugar was not wholly recovered. 

Fourth experiment. — A cat killed in full digestion was employed 

in this experiment. One-half of the stomach, finely divided, was 

placed in contact with 0*200 gram of glucose in 15 c. c. of water. A 

portion of the small intestine was also treated with a like amount of 

sugar, in the same manner. Both were warmed for three hours at 

48*8° C, then treated by the same method as used in the preceding 

I experiments. 

j Stomach. 

• a. Before treatment with sulphuric acid. 

25 c. c. gave 0*0879 gram Cu =00449 gram dextrose x 4=01796 gram dextrose. 

b. After treatment wttk sulphuric add. 
25 c. c. gave 0*0886 gram Cu = 0*0452 gram dextrose x 4=0*1808 gram dextrose. 

Intestine. 

a. Before treatment with sulphuric acid. 

25 c. c. gave 0*0668 gram Cu =0*0342 gram dextrose x 4=0*1368 gram dextrose. 

b. After treatment with sulphuric acid. 

25 c. c. gave 0*0684 gram Cu ar 0*0350 gram dextrose x 4=0* 140 (J gram dextrose. 

Here again, there is no evidence whatever of any change in the 
reducing power of the sugar solution. 

Pavy has also pointed out that the stomach and intestine of the 
rabbit, as well as of other animals, have a transformative action on 
saccharose as well as on dextrose. The transformative energy how- 

Trans. Conk. Acad., Vol. TIL 33 Nov., 1886. 
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ever of the intestine, is much greater in this case than that of the 
stomach; which, according to Pavy, accounts for the early discovery' 
by Bernard of the well known action of the intestine on cane sugar. 
Bernard supposed dextrose to be formed, but Pavy shows that maltose 
or a body resembling maltose in reducing properties, is the usual 
product and that glucose or dextrose is formed only in the presence 
of considerable ferment. The ferment which produces this change, 
unlike the ferment which acts upon glucose, is situated on the surface 
of the mucous membrane and thus frequently the contents of the 
stomach are likewise found to possess transformative power. 

Fifth experiment. — A rabbit with stomach partially filled with 
food was killed, the stomach rinsed with water, then minutely divided 
and separated into two equal parts. One portion was placed in con- 
tact with 0*195 gram of glucose in 75 c. c. of water, while the other 
portion was mixed with a like amount of pure saccharose, also in 75 
c. c. of water. A portion of the small intestine was likewise finely 
divided and one portion placed in contact with 0*195 'gram of glucose 
in 75 c. c. of water and the other portion with 0*200 gram of saccha- 
rose dissolved in 75 c. c. of water. All four mixtures were warmed at 
48*8° C. for two hours, then heated to boiling with the addition of 
sodium sulphate and finally each brought to a volume of 100 c. c. 
25 c. c. of the saccharose solution, which had been in contact with 
the stomach tissue, gave no reduction whatever with Fehling's solu- 
tion. 25 c. c. of the saccharose-intestine solution, however, gave 
0*0726 gram Cu, equivalent to 00371 gram dextrose. 

With the glucose solutions, the following results were obtained : 

Stomach. 

a. Before treatment with sulphuric acid. 
25 c. c. gave 0*0906 gram Cu =0*0462 gram dextrose x 4=0*1848 gram dextrose. 

6. After treatment with sulphuric acid. 
25 c. c. gave 00889 gram Cu =0 0454 gram dextrose x 4=0"1816 gram dextrose. 

Intestine. 

a. Before treatment with sulphuric acid. 
25 c. c. gave 0*0712 gram Cu =0*0364 gram dextrose x 4=0'1456 gram dextrose. 

b. After treatment with sulphuric acid. 
25 c. c. gave 00689 gram Cu -sO'OSSS gram dextrose x 4=0-1412 gram dextrose. 

With glucose, the same results are to be observed here as in the 
preceding experiments ; the only variations in reducing power, before 
and after treatment with sulphuric acid, being such as would come 
within the ordinary limits of error. In one single case, a transf orma- 
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tion of saccharose was noticed when the sugar solution was warmed 
for two hours with a portion of stomach tissue from a rabbit killed 
in full digestion. The reduction with Fehling's solution was quite 
strong. 

With glucose, however, many experiments have been tried in addi- 
tion to those given above, and invariably with the same negative 
result. The conditions of the experiments, moreover, are in many 
cases identical with those of Pavy's except in the method of deter- 
mining reducing power. There seems, therefore, to be no plausible 
explanation of the results obtained, other than that in the above 
experiments there was no dehydrating ferment present. Pavy states 
that the ferment in question, or rather " the active principle con- 
cerned in the transformation of glucose is susceptible of being de- 
stroyed by the agency of gastric digestion," so that there is the pos- 
sibility of such destructive action having taken place in the stomach 
of the animals experimented with. It is further stated, however, 
that the converting principle is situated in the underlying portion of 
the mucous membrane, so that destruction could hardly be expected, 
except perhaps in the slow self-digestion occurring after death. Cer- 
tainly, the carefully rinsed tissue could not have retained sufficient 
gastric juice to affect the results. Furthermore, such decomposition 
would apply only to the stomach mixture and not to the intestines, 
unless sufficient proteolytic ferment from the pancreatic juice should 
adhere to the walls of the intestines to exert destructive action ; but 
in the last experiment given, it is to be noticed that the saccharose 
ferment, which is presumably equally sensitive, showed vigorous 
action while the glucose was unaffected. 

It seems strange, therefore, if such a dehydrating ferment is norm- 
ally present in the alimentary tract, that we have not been able to 
obtain some tangible evidence of its presence, either in the stomach 
or intestines. 

Since the above was written, the writer has noticed that M. 
Og&ta,* experimenting with dogs, has also been unable to confirm 
Pavy's results, both in the dehydration of glucose and in the inver- 
sion of saccharose. 



*See Jahresbericht fur Thierchemie, rv, 275. 



Influence op Uranium Salts on tbe Amylolytic Action 
op Saliva and the Proteolytic Action of Pepsin and 
Trypsin. By R. H. Chittknden and M. T. Hutchinson, 
Ph.B. 

Little is known regarding the physiological, or even toxical action 
of the uranium salts. In 1825, Gmelin* reported upon the results of 
some experiments on the toxic action of uranic nitrate, but aside 
from the work done at that time, little is known regarding the action 
of uranium. It is our purpose, therefore, to carry, out in this Lab- 
oratory, as opportunity offers, a series of experiments on the physio- 
logical and toxical action of uranium salts, and we have commenced 
the work by endeavoring to ascertain the influence of the above salts 
on the amylolytic and proteolytic action of the ferments occurring in 
the digestive fluids of the body. In this connection we wish to ex- 
press our obligations to Professor H. Carrington Bolton, of Trinity 
College, for his kindness in supplying us with an abundance of 
chemically pure uranium compounds. 

1. Influence on the amylolytic action of saliva. 

The method employed in determining the extent of amylolytic 
action was much the same as that previously! used by one of us, ' 
except that the amounts of reducing substances formed under the 
different conditions of the experiments, were determined volumetri- 
cally by Fehling's solution, instead of by Allihn's gravimetric 
method. The experiments were made in series, in which one diges- 
tion of each series served as a control for comparison. 

The volume of each digestive mixture was 100 c. c. and contained 
1 grain of perfectly pure potato starch, previously boiled with a por- 
tion of the water, 10 c. c. of a diluted neutral saliva and a given per- 
centage of the uranium salt to be experimented with. The mixtures 
were then warmed at 40° C. for 30 minutes, at the end of which 
time, further ferment action was stopped by heating the solutions to 
boiling. The saliva employed in the experiments was human mixed 
saliva, freshly collected, filtered and made as neutral as possible with 
0*2 per cent, hydrochloric acid, then diluted with water in the pro- 



*Edinb. Med, Surg. Gaz., xxvi., 136. 
f Studies from this Laboratory, vol. i, 1884-5, p. 2 and 53. 
Trans. Conn. Acad., Vol. VII. 33a Nov., 1886. 
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portion of 1 : 5. Hence, each digestive mixture contained 2 c. c. of 
undiluted saliva. 

The amount of reducing substances, which for the sake of conven- 
ience are calculated as dextrose, were, as already mentioned, deter- 
mined vol u metrically and from the data so obtained, the percentage 
of starch converted was likewise calculated. 

Uranyl nitrate. 
With this salt the following results were obtained : 

Total amount Relative 

TJOa(NO s )a + 6H 9 0. reducing bodies. Starch converted. amylolytic action. 






0*4135 gram. 


87-21 per cent. 


100-0 


0-0001 per cent. 


0-4083 


36-74 


98-7 


0-0008 


0-3878 


84-85 


98.6 


0-0005 


0*8696 


88-28 


89-4 


0-001 


0*3612 


82*50 


87*8 


0-003 


0-3131 


28-17 


75-5 



The inhibitory action of the uranyl salt is plainly manifest in 
these results. A second series of experiments, with still larger per- 
centages of uranyl nitrate, show the retarding action still more 

plainly. 

Total amount Relative 

UO a (N0 8 ) a + 6H 2 0. reducing bodies. Starch converted. amylolytic action. 






0*4066j 


gram. 


36*59 per cent. 


100-0 


0-001 per cent. 


0-4000 




3600 


98*3 


0-002 


0*8880 




34*92 


95*4 


0003 


0*3034 




27*80 


74*6 


0-004 


0*2545 




22*90 


62*5 


0-005 


0*1550 




13-99 


38*2 


0*008 


trace. 









The largest percentage of the salt used (0*008 per cent.), is seen to 
almost entirely prevent the action of the ferment, thus showing how 
extremely sensitive the salivary ferment is to the action of this salt. 
Comparing the two series of experiments, it is seen further, that a 
given percentage of the salt, say 0*001 per cent., is much more active 
in one case than in the other, indicating that the action of the salt is 
not constant. This is undoubtedly true to a limited extent. The 
action of a given percentage of the salt is constant only under like 
conditions. In the above series of experiments, the saliva is different 
in the two cases, and the real explanation of the difference in action 
is to be sought for in the amount of proteid matter contained in the 
saliva. Undoubtedly the retarding action of the uranium salt is 
checked, in part at least, like that of mercuric chloride,* by the 

♦Studies from this Laboratory, 1884-85, p. 11. 
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proteid matter of the saliva. Uranium is a well-known precipitant of 

albuminous matter and henoe the larger the amount of albumin and 

globulin contained in the saliva, the weaker the retarding action of 

the uranium salt. Previous experiments have shown that saliva 

varies somewhat from day to day in its content of proteid matter, as 

well as in the amount of ferment, and although the former difficulty 

is obviated as much as possible by diluting the saliva, still this point 

must be borne in mind in making comparisons of the different series 

of experiments. 

Uranyl acetate. 

This salt appeared somewhat more inhibitory in its action than the 

nitrate, due possibly to its greater acidity. The two following series 

show the extent of action : 

Total amount Relative 

UO a (CjH,Oi)a + H 9 0. reducing bodies. Starch converted. amylolytic action. 








0-4049 gram. 


86-44 per 


cent. 


1000 


0001 per 


cent. 


0-2805 


20-74 




56-9 


0-002 




01698 


15-28 




41-9 


0-008 




trace. 













0-4082 


36-28 




100-0 


0-0003 




0-4831 


88-97 




107-3 


0-0005 




0-8822 


2989 




82-4 


0-0008 




0-3192 


28-89 




79-6 


0-0010 




0-2882 


25*98 




71-4 



The presence of 0*003 per cent, of the salt almost entirely stops the 
action of the ferment, while 0-0003 per cent, decidedly increases 
amylolytic action. This latter influence is similar to that exerted by 
many other metallic salts in very small fractions of one per cent, and 
is doubtless to be attributed, in part at least, to the stimulating 
action of the acid-proteids formed, or in part, as suggested by 
Duggan,* to a more complete neutralization of the digestive fluid. 





Arnmonio uranous sulphate. 




With this salt tr 


le following results were obtained : 




U(S0 4 ) 9 + (NH 4 ) a 


Total amount 




Relative 


S0 4 + H 9 0. 


reducing bodies. 


Starch converted. 


amylolytic action. 





0-8384 gram. 


80-45 per cent. 


100-0 


0-0008 


0-3935 


35-41 


116-3 


0-0005 


0-8798 


3418 


112-2 


0-0008 


0-8568 


80-40 


99-8 


0-001 


0-8550 


80-28 


99-4 


0-002 


0-2951 


26-55 


87-2 


0'008 


0-0805 


7-24 


23-7 



♦See Amer. Ohem. Jour. vol. viii, p. 211. 
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Here there is to be seen both stimulating and inhibitory action, 
both quite pronounced; and further, the salt is perfectly neutral, so 
that such action as is exerted must be due to the salt itself. 



Sodio uranic sulphate. 

This salt, which like the preceding was exactly neutral to test 
papers, shows both stimulating and retarding action, but in extent 
somewhat smaller than that of the uranous salt. Following are the 
results obtained : 

Relative 
Starch converted amylolytic action. 

36-44 per cent. 100-0 

36-90 101-3 

36-00 98-8 

36-90 101-2 

37-05 101-7 

22-77 62-5 

18-00 49-4 



JO a S0 4 + Na a S0 4 . 

0-0003 per 
0-0005 


cent. 


Total amount 
reducing bodies. 

0*4049 gram. 

0-4100 

0-4000 


0-0008 




0-4100 


0-001 
0-002 




0-4117 
0-2580 


0-003 




0-2000 


0-005 




trace. 



Potassio uranic oxychloride. 



UOaCl a f 2KC1 Total amount 




Relative 


+ 2H a O. reducing bodies. 


Starch converted. 


amylolytic action. 


0-4032 gram. 


36-26 per cent. 


100-0 


00005 per cent. 0-3951 


85-55 


980 


0-0008 0-4016 


3614 


99-6 


0-001 0-4083 


36-74 


101-8 


0-002 0-1881 


16-92 


46-6 


0-003 0-1073 


9-65 


26-6 


0-005 trace 







This salt had an acid reaction and its retarding effects are seen to 
be somewhat more pronounced than that of the two preceding neu- 
tral salts. 

Amrnonio uranic citrate. 

Relative 
Starch converted. amylolytic action. 

37-21 per cent. 100-0 

38-68 108-9 

8614 97-1 

36-44 97-9 

34-85 93-6 

36-14 97-1 

38-86 89-6 



(U0 3 UC 6 H 6 7 ) 9 + 


Total amount 


(NH 4 )306H 5 7 . 


reducing bodies. 





0-4135 gram. 


0-0003 per cent 


0-4298 


0-0005 


0-4016 


0-0008 


0-4049 


0-001 


0-3878 


0-002 


0-4016 


0-003 


0-3843 
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(UOaMCeHsO^a + Total amount Relative 

(N"H 4 ) 8 CsH ft 07. reducing bodies. Starch converted. amylolytic action. 

0-4117 gram. 8705 per cent. 100-0 

0-004 per cent. 0-2878 21*40 57-7 

0-005 0-2144 19-29 520 

0-006 0-2816 21-89 57-7 

0-007 0-1845 16-60 44-8 

0-008 0-1765 15-88 42-8 

0-010 trace 

The action of this salt is mainly a restraining one, but the action 
is pronounced only with the larger percentages. 

As to the way in which these uranium salts diminish the amylolytic 
action of the ferment, we cannot say definitely. What has previously* 
been written regarding the action of other metallic salts, under like 
conditions, is doubtless true here. Loss of amylolytic power is due 
in part, no doubt, to partial direct destruction of the ferment, as 
well as to change in the reaction of the fluid. Coupled with this 
destructive action, however, there must be in addition something in 
the mere presence of these salts, dependent on chemical constitution, 
that controls the action of the ferment. 

The following table shows the relative acceleration and retardation 
of the various salts, compared with their respective controls expressed 
as 100. 

2. Influence on the proteolytic action of pepsin-hydrochloric acid. 

The influence of uranium salts on the proteolytic action of pepsin- 
hydrochloric acid, was determined by ascertaining the amount of 
fibrin digested or dissolved in a given time, by a definite volume of 
a standard, artificial gastric juice, in the presence of varying amounts 
of the uranium salts. The gastric juice was made by dissolving 10 
c.c. of a glycerin extract of pepsin in one litre of 0*2 per cent, hydro- 
chloric acid. The volume of each digestive mixture was 50 c.c. ; 
composed of 25 c.c. of .the above mentioned artificial gastric juice 
and 25 c.c. of 0*2 per cent, hydrochloric acid, containing the neces- 
sary amount of uranium salt. The proteid material consisted of 
purified fibrin, coarsely powdered and dried at 100° C. One gram of 
fibrin was used in each experiment. The digestive mixtures were 
warmed at 40° C. for one hour and then the undissolved residue was 
collected on weighed filters and finally dried at 100-110° C. until of 
constant weight. The amount of fibrin dissolved is taken as a meas- 
ure of the proteolytic action. 

* See Studies from this Laboratory, vol. i, 1884-5, pp. 70-75. 
Trans. Conn. Aoad., Vol. VII. 34 Nov., 1886 
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Following are the results obtained with the various salts : 





Uranyl 


nitrate. 


Relative 


3 9 (N0 8 ) 9 + 6H 9 0. 


Undigested residue. 


Fibrin digested. 


proteolytic action. 





0-1853 gram. 


86*47 per cent 


100-0 


0-025 per cent 


0-1865 


86-85 


99-8 


0-050 


0-1878 


86-22 


99-7 


0-100 


0-2897 


76-03 


87-9 


0-500 


0-5003 


49-07 


• 57-8 


1-000 


0-6638 


33-62 


38-8 




Uranyl 


acetate. 




U0 2 (C 9 H,O a ) a 






Relative 


+ H 9 0. 


Undigested residue. 


Fibrin digested. 


proteolytic action 





0-1458 gram. 


85-47 per cent. 


100-0 


0-025 per cent 


0-1581 


84-19 


98-5 


0-050 


0-1867 


81-33 


95-1 


0-100 


0-2052 


79-4a 


92-9 


0-500 


0-7507 


24*98 


29-2 


1-000 


1-0050 









It is to be noticed here, that the retarding action of the acetate, as 
with saliva, is far greater than the nitrate, a fact which is doubtless 
dependent in this case on the nature of the acid united with the ura- 
nium. Further, it is to be noticed, that the action of uranyl sulphate 
falls about midway between the action of the nitrate and acetate. 
These facts accord with views previously* expressed, and show 
plainly that the extent of the retarding action of salts in general is 
dependent in part, on the liberation of the acid of the salt and the 
digestive power of the pepsin-acid formed. Experiments have shown 
that nitric acid of appropriate strength, united with pepsin, is about 
four-fifths as active as hydrochloric acid, while sulphuric acid is only 
a little more than one-fourth as active as hydrochloric of the same 
strength and that acetic acid is practically inactive. Hence, the 
base being the same, acetates, citrates, and other salts, the acids of 
which are not capable of working with pepsin will most readily retard 
gastric digestion. This view being correct, uranyl nitrate, sulphate 
and acetate should retard gastric digestion in just such relative pro- 
portion as our experiments show they actually do. 



See Studies from this Laboratory, 1884-85, p. 94-95. 
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Uranyl sulphate. 



Relative 



U0 9 S0 4 + 3H 3 0. 


Undigested residue. 


Fibrin digested. 


proteolytic action. 





0-1832 gram. 


81-68 per cent. 


100-0 


0*025 per cent 


0-2545 


74-55 


91-3 


0-050 


0-2673 


73-27 


89-7 


0100 


0-3155 


68-45 


88-8 


0-500 


0-6084 


3916 


47-9 


1-000 


0-8225 


17-75 


21-7 




Ammonio uranous sulphate. 




US0 4 + (NH 4 ) a S0 4 
+ H a O. 


Undigested residue. 


Fibrin digested. 


Relative 
proteolytic action. 





0-1833 gram. 


81-67 per cent 


100-0 


0*025 per cent 


0-2859 


71-41 


87-4 


0-050 


0-3143 


68-57 


83-9 


0-100 


0-3742 


6-258 


76-6 


0-500 


0-9113 


8-87 


10-8 


1-000 


1-0070 









A comparison of the action of the two last salts, shows plainly 
that the ammonio uranous compound has a far greater inhibitory 
action than the simple uranyl sulphate. 

Ammonio uranic citrate. 

(UO a ) 8 (C 6 H 6 7 ) a Relative 

+ (NH 4 )8C 6 H 6 07. Undigested residue. Fibrin digested. proteolytic action. 








01747 j 


gram. 


82*58 per cent. 


100-0 


0-025 per 


cent. 


01795 




8205 


99-4 


0050 




0-2102 




78-98 


95-7 


0-100 




0-2180 




78-20 


94-7 


0-500 




0-9055 




9-45 


11-4 


1-000 



















JSodio 


uranic sulphate. 




U0 9 S0 4 + Na 9 SO- 


i 








Relative 


+ 2H 9 0. 




Undigested residue. 


Fibrin digested. 


proteolytic action. 







0-2624 i 


?ram. 


73-76 per cent. 


100-0 


025 per 


cent. 


0-2666 




73-34 


99-4 


0-050 




0-3688 




6312 


85-5 


0-100 




0-4438 




55-62 


75-6 


0-500 




0-8131 




19-69 


26-7 


1-000 




0-9891 




109 


1-5 



In the two last series, the ammonio uranic citrate is noticeable for 
not causing a gradual diminution in the proteolytic action of the 
ferment; but on the contrary, it gives rise to a sudden and rapid fall- 
ing off in proteolytic action, when a certain percentage of the salt is 
added. The same thing is to be noticed in the case of the uranyl 
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acetate and the reason doubtless lies in the fact that the acid in these 
two salts is wholly incapable of forming an active compound with 
pepsin, and thus when a percentage of the salt is added sufficient to 
use up all of the hydrochloric acid of the gastric juice, digestive 
action comes to a full stop. 

Potassio uranic oxychloride. 



UO a Cl s + 2KC1 
+ 2H a 0. 



0-025 per 

0-050 


cent 


Undigested residue. 
0-3063 gram. 
0-2472 
0-2128 


Fibrin digested. 
69-37 per 

75-28 

78-77 


Relative 
proteolytic action. 

cent. 100-0 

108-0 

113-5 


0100 




0*2532 


74-68 


107-6 


0-300 
0-500 




0-2648 
0-3578 


78-52 
64-22 


105-9 
92-5 



• With this salt, unlike any of the preceding, there is to be seen a 
direct stimulating action on the ferment. Only in the presence of 0*5 
per cent, of the salt is there any retarding effect produced. This 
naturally suggests that possibly uranium per se, at least in small 
fractions of a per cent., has really a stimulating effect on ferment 
action, but that owing to its combination with acids, in the forma- 
tion of salts, its apparent effects in the case of pepsin-hydrochloric 
acid are those due to combination of the normal acid of the gas- 
tric juice and liberation of the acid of the uranium salt. In this 
way only, can we explain the noticeable difference in action of 
the oxychloride and the other uranium salts. Thus 0-5 per cent, of 
the former causes but slight diminution in proteolytic action, while 
with all the other salts, the same percentage causes on an average, a 
diminution in proteolytic action of at least 50 per cent. This would 
apply, of course, only to small percentages of uranium, for larger 
amounts of oxychloride would cause the formation of an indigestible 
uranium-albumin compound. 

Here, however, as in the case of all the salts, the action of any 
given percentage is constant only under definite conditions. Dimin- 
ish the amount of ferment, for example, and the amount of dissolved 
proteid matter consequent thereto, and then the retarding action of 
the same percentage of uranium salt will be correspondingly in- 
creased. 

This is well illustrated in the following series of experiments with 
potassio uranic oxychloride. Using the same percentages of salt as 
employed in the preceding series, with the same strength of acid, 
but with only half the same content of pepsin extract, and the fol- 
lowing results were obtained : 
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Relative 


Uranium salt. Undigested residue. 


Fibrin digested. 


proteolytic action. 


0-1652 gram. 


88-48 per cent. 


100-0 


0025 per cent. 01982 


80-18 


960 


0-050 0-2192 


78-08 


93-5 


0100 0-2569 


74-81 


89-2 


0-300 0*8486 


65-14 


78-0 



Increasing the percentages of the oxychloride still further, either 
with this strength of pepsin or the preceding, and there is seen a 
gradual diminution in the action of the ferment. Compared, how- 
ever, with the action of the preceding salts, retardation is seen to 
be quite slow; thus even 2-0 per cent, causes a diminution of pro- 
teolytic action amounting to only 50 per cent. 

The following table of comparisons shows the relative acceleration 
and retardation of the various salts compared with their respective 
controls expressed as 100. 

Table showing relative Proteolytic Action. 



Percentage of Salts. 



Uranyl nitrate 

Uranyl acetate 

Uranyl sulphate 

Ammonio uranous sulphate 

Sodio uranic sulphate 

Ammonio uranic citrate — 
Potassio uranic oxychlo- ) 1| 108-0 
ride ) 2. 96-0 




0-8 

* 


0-5 


10 


_ . _ _ 


57-8 


38-8 





29.2 








47-9 


2-17 


.. _. 


10-8 








26-7 

• 


1-5 





11-4 





105-9 


92-5 


- - 


78-0 


81-0 


66-2 



2.0 



49-4 



In retarding proteolytic action, the uranium salts act in part by 
combining with the proteid matter to be digested, forming a uranium- 
albumin compound, which is indigestible. Further, in a solution at 
all concentrated, the uranium salt is liable to precipitate mechanic- 
ally a portion or all of the pepsin along with the albuminous matter. 
In addition to this, however, retardation is also due, as already ex- 
pressed, to liberation of the acid of the salt by the hydrochloric acid 
of the gastric juice and to the subsequent formation of a pepsin-acid 
only partially, or not at all, capable of digestive action. 
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3. Influence on the proteolytic action of trypsin. 

The method employed in determining the extent of proteolytic ac- 
tion in this case was ranch the same as in the preceding. The trypsin 
solution was made as neutral as possible and was prepared from dried 
ox pancreas, previously extracted with alcohol and ether; 20 grams 
dry pancreas, extracted with 200 c.c, 0*1 per cent, salicylic acid and 
ultimately diluted to 1 litre. A little thymol was added to prevent 
decomposition. 50 c.c. of the trypsin solution were used in each ex- 
periment, together with 1 gram of prepared fibrin and the necessary 
amount of uranium salt. 

The first experiment was tried with uranyl nitrate, the mixtures 
being warmed at 40° C. for six hours. Following are the results : 

Relative 
UO a (N08)a + 6H a O. Undigested residue. Fibrin digested. proteolytic action. 

70-73 per cent. 1000 

66-72 94-3 

65-40 92-4 

58-02 82-0 

49-96 70-6 



With this salt retarding action is seen to be gradual up to a certain 
point, and then suddenly all ferment action ceases. 

Uranyl acetate. 

U0 9 (C a H s O a ) 2 Relative 

+ H a O. Undigested residue. Fibrin digested. proteolytic action. 

0-4284 gram. 57-66 per cent. 1000 

0-010 per cent. 0-4591 54-09 93-8 

0-025 0-5460 45-40 78-7 

0-050 0-6094 89-06 677 

0-100 0-8173 18.27 31-6 

0-500 

This series of experiments was warmed at 40° C. for about five 

hours. The inhibitory action of the salt is seen to be more pro- 
nounced than that of the nitrate ; indeed, there is to be seen here, 

the same difference in action noticed in the case of the amylolytic 

ferment. 

Uranyl sulphate. 

With this salt, under exactly the same conditions of time and 
temperature as the preceding, the following results were obtained : 






0-2927 gram. 


0-010 per cent. 


0-3828 


0-025 


0-3460 


0-050 


0-4198 


0-100 


0-5004 


0-500 
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U0 9 S0 4 + 3H 9 0. 




Undigested residue. 


Fibrin digested. 


Relative 
proteolytic action. 







0*3790 gram. 


62*10 per cent, 


100-0 


0*010 per 


cent 


0*8863 


61-87 


98-8 


0025 




0*5023 


49-77 


80*1 


0-050 




0*6066 


39*34 


63-3 


0-100 




0*8083 


19-17 


300 


0-500 




— ■■ 









These results are seen to accord almost exactly with the preceding 
and show that both salts have an action on this ferment much more 
pronounced than on pepsin-hydrochloric acid. 

Arnmonio uranous sulphate. 

U(S0 4 ) + (NH 4 ) 9 Relative 

S0 4 + H 9 Undigested residue. Fibrin digested. proteolytic action. 

0*4025 gram. 59-75 per cent. 100-0 

0-010 per cent. 0*4031 59*69 99*7 

0*025 0*4229 57*71 96*4 

0*050 0*4824 51*76 86*6 

0100 0*5743 42*57 72*9 

0*500 

Sodio uranic sulphate. 

U0 9 S0 4 + Na 9 S0 4 Relative 

+ 2H 9 0. Undigested residue. Fibrin digested. proteolytic action. 

0*3261 gram. 67*89 per cent. 1000 

0*010 per cent. 0*3414 65*86 97*4 

0*025 0*3588 64*12 94*8 

0*050 0-3961 60*39 89*5 

0*100 0*4462 55*38 821 

0-500 

Arnmonio uranic citrate. 

(UO 9 )8(0aH 6 O 7 ) 9 Relative 

+ (NH 4 )80«H 6 O T . Undigested residue. Fibrin digested. proteolytic action 

0-3955 gram. 60*45 per cent. 1000 

0*010 per cent. 0*4934 50*66 . 83*8 

0-025 0*5282 47*18 78*0 

0*050 0-6618 33*82 55*9 

0100 0*7705 22*95 87*8 

0*500 0*7168 28*32 46*8 

Potassio uranic oxychloride. 

U0 9 C1 9 + 2KCI Relative 

+ 2H 9 0. Undigested residue. Fibrin digested. proteolytic action. 

0*4234 gram. 56*76 per cent. 100*0 

0-010 per cent. 0-4498 55-02 96*4 

0*025 0-5224 47*76 82*8 

0050 9-5629 4871 75-9 

0-100 0-7087 29-13 50*8 

0-500 
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With the exception of ammonio uranic citrate, the four last salts 
experimented with, show about the same degree of inhibitory action; 
the citrate, however, appears less pronounced in its action than the 
others. As to the manner in which the uranium salts retard the 
proteolytic action of the pancreatic ferment, it is probable that the 
main explanation is to be found in the power possessed by the former 
of combining with proteid matter in general; combining with 
and rendering indigestible the albuminous material added to the 
digestive mixture and perhaps precipitating, or even destroying, the 
ferment itself. Further, the reason why certain salts appear less 
active than others is perhaps to be found in the fact that in the pre- 
cipitation of albuminous matter by uranium salts, the uranium com- 
bines directly with the proteid matter, thus liberating the acid of 
the salt; and as trypsin is inactive in the presence of free mineral 
acids, and only partially active in the presence of combined acids 
(combined with proteids), it follows that an organic salt, such as 
a citrate, would naturally be less active as a retarding agent, than 
the nitrate or sulphate. 

The following table shows the relative retardation of the various 
salts expressed in terms of relative proteolytic action: 

Table showing relative Proteolytic Action. 



Percentage of Salts 

Uranyl nitrate _ 

Uranyl acetate _ 

Uranyl sulphate 

Ammonio uranous sulphate 

Sodio uranic sulphate. 

Ammonio uranic citrate 

Potassio uranic oxychloride . 



0-01 


0-025 


0-05 


0-1 


94-8 


92-4 


82-0 


70-6 


93-8 


78-7 


67.7 


31*6 


98-8 


80-1 


63-3 


30-8 


99-7 


96-4 


86-6 


72 9 


97-4 


94-8 


89-5 


82-1 


83-8 


78-0 


55-9 


37-8 


95-4 


82-8 


75-9 


50-8 



0-5 








46-8 




It is thus seen that uranium salts, in the main, like most other 
metallic salts, exert a decided retarding influence on the action of the 
digestive ferments. 
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The Relative Distbibution of Antimony in the organs 
and tissues of the body, under varying conditions. by 
R. H. Chittenden and Joseph A. Blake, B.A., Ph.B. 

Orfila, many years ago, proved that salts of antimony, like the 
salts of other metallic poisons, are absorbed and can be detected in 
the animal tissues and secretions, especially in the liver and kidneys ; 
and further that the absorbed antimony is slowly discharged from 
these quarters through the medium of the urine. These early results 
were confirmed by other investigators, notably Danger and Flandin 
and by Panizza and Kramer, the latter of whom detected antimony, 
not only in the urine, but also in the blood of a man during a course 
of tartar emetic* Orfila's work also indicated that while the elimina- 
tion of absorbed antimony commences very quickly, it is a compara- 
tively slow process ; thus in one instance he stated f that he found 
antimony in the fat, liver and bones of a dog that had taken, three 
months and a half before its death, 46*5 grains of tartar emetic dur- 
ing a period of ten days, and that similar results were obtained in a 
second case in which the interval was four months. Presumably, 
however, elimination is much more rapid than these figures would 
seem to indicate. 

Dr. Richardson, however, found antimony in abundant proportions 
in the liver, and in smaller proportions in the kidney and heart, 
twenty-one days after the last dose of antimony had been taken. As 
to the relative distribution of absorbed antimony, the experiments of 
Drs. Nevins and Richardson are the only important ones recorded. 
Dr. Nevins,J experimenting on rabbits, with tartar emetic in doses of 
0*5, 1 and 2 grains four times daily, found that the weakest rabbit 
died after taking 12 grains, the strongest after taking 12 grains of 
the poison. Other rabbits were killed at varying lengths of time 
after taking the last dose of poison (31, 14, 4, and 3 days), and in 
every case antimony was found in large quantity in the liver, in 
smaller quantities in the spleen and stomach. Antimony was 
likewise found in the kidneys and urine of those animals that survived 
for some time, also in the lungs and in those that lived 15 days, in 

* See Christison on Poisonp, p. 372. f Traite* de Toxicologic 

\ See Reese, Manual of Toxicology, p. 259-260 and Woodman & Tidy, Forensic 
Medicine and Toxicology, p. 128-129. 
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the bones likewise. Dr. Nevins further states, that it was difficult 
to detect the poison in the muscles and in the blood, but it was 
found in the bones as late as the thirty-first day after discontinuing 
the poison. 

Dr. Richardson* in 1856, examined the tissues of a dog that died 1 
hour and 40 minutes after a solution containing a drachm of tartar 
emetic had been injected into the cellular tissue. The antimony was 
found in the following parts, in the order given as to quantity ; blood, 
vomit, rectum, lungs, liver, stomach, bladder, kidneys and small in- 
testines. In a second experiment, a wound in a dog's neck was 
dressed every morning with tartar emetic ointment, the dog dying 
at the end of the seventh day. In this case no antimony was found 
in the brain, but it was found in larger quantities in the liver and 
spleen than in the other organs. It is very evident, therefore, that 
tartar emetic, and presumably other salts of antimony likewise, will 
penetrate all the tissues of the body and that at the same time the 
antimony is constantly being eliminated by the kidneys. Further 
than this, the few results recorded indicate nothing definite. As Dr. 
Richardson well says, "the election of antimony by different parts of 
the body is as yet an open question ; that the liver, however, would 
appear to be the structure in which it is most collected when the ad- 
ministration is slow and in small doses; and that the elimination of 
the poison is attempted by all the secreting surfaces." No positive 
statements can therefore be made regarding the relative distribution 
of antimony, other than in a general way. 

Hence, it has been our object in the present investigation to study 
somewhat in detail, the relative distribution of antimony in the dif- 
ferent tissues of the body under varying conditions ; both as to the form 
of the poison and the manner of itSvintroduction. As with arsenic, so 
with antimony, the relative proportion of poison found in the different 
tissues after death may become of considerable medico-legal importance, 
provided we have sufficient confirmatory data from which to draw 
conclusions. Particularly is it of importance to know the way in 
which the form of the poison will influence its distribution. Whether 
as with arsenic,f the administration of a soluble and diffusible form of 
the poison will lead to a noticeable accumulation in the brain or nerve 
tissue in general. 



* See Woodman & Tidy, p 1 29. Also Dr. W. B. Richardson, Abstract in Amer. 
Jour. Med Sciences, 1857, vol. 33, p. 266, andB. andF. Med.0hirurg. Rev. Oct 1856. 

f See Amer. Chem. Jour., vol. v, p. 8, also Studies from the Laboratory of Phys- 
iological Chemistry, S.S.S. of Yale College, 1884-85, p. 141. 
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1. The quantitative estimation of antimony. 

There are many methods by which antimony may be detected, even 
when present in quite small quantities ; but there are only a few which 
yield accurate quantitative results, particularly in the presence of or- 
ganic matter. In attempting to find a method sufficiently accurate 
for our purpose, we first tried the method recommended by Orfila, of 
introducing the final antimony solution into the Marsh apparatus ; 
using for this purpose the form of apparatus and mode of procedure, 
found so efficacious in the case of arsenic* In every trial, however, 
there was a loss of at least 40 per cent, of the antimony ; thus in the 
first case, with an amount of tartar emetic equivalent to 6 milligrams 
of metallic antimony, only 3-4 milligrams of the metal were recovered, 
and under exactly such conditions as with arsenic would lead to the 
recovery of the entire amount. And since in this trial experiment, 
the antimony was introduced directly into the Marsh apparatus, as 
tartar emetic dissolved simply in dilute sulphuric acid and without 
the presence of any organic matter to act as a hindrance, it follows 
that the loss must be due to retention of a portion of the antimony 
by the zinc and platinum. A second trial, with the same amount of 
antimony salt, gave a decided deposit of metallic antimony in the 
heated tube, but weighing only 3 5 milligrams. In this case the ap- 
paratus ran for three hours, but as before, it is evident that only a 
portion of the antimony was converted into antimoniuretted hydro- 
gen, the remainder undoubtedly being retained either by the plati- 
num used to alloy the zinc, or by the zinc itself. The presence of a 
small amount of platinum fused in with the zinc, previous to its granu- 
lation, does not appear to offer any obstacles to the complete evolu- 
tion of arsenic as arseniuretted hydrogen. Numerous results obtained 
by one of usf testify to the accuracy of this statement. Bernstein had 
also noticed that alloying zinc with platinum or silver, did not hinder 
the complete evolution of the arsenic, while the addition of a little 
piatinic chloride solution to the acid fluid from which arsenic was be- 
ing evolved, led to the precipitation of even 50 per cent, of the 
arsenic present. J This probably is the explanation of the low results 
obtained by Hedden and Sadler in the estimation of arsenic by the 
Marsh apparatus, in the presence of platinum.§ But with antimony, 

* See Amer. Chem. Jour., vol. ii., p. 235. f See Amer. Chem. Jour., vol. ii, p. 235. 
X See Dragendorff, Gerichtlieh chemische Mittheilung von Giften, p. 334, foot oote. 
§ See Amer. Chem. Jour., vol. vii, p. 342. 
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either the platinum alloyed with the zinc is sufficient to retain fully 
50 per cent, of the metal, or as is very probable, the zinc itself causes 
a precipitation of a portion of the antimony. That this is a point 
overlooked by most writers on chemical toxicology, is evident from 
a perusal of the literature on the subject. 

Whether it would be possible to obtain all of the antimony as anti- 
moniuretted hydrogen, in the absence of any metal other than per- 
fectly pure zinc, we cannot say. Certainly as a method for quantita- 
tive purposes, it would be too tedious a process to admit of general 
use, especially where such small amounts of antimony, as in our own 
experiments, would limit galvanic action to a minimum. That the 
method is capable of showing the presence of very small amounts of 
antimony, is unquestionable. Wormley's experiments* are very de- 
cided on this point, but evidently only a portion of the antimony will 
be recovered. 

Precipitation of the antimony by hydrogen sulphide and final oxi- 
dation by fuming nitric acid and weighing as Sb a 4 , gave fairly satis- 
factory results, when the weight of antimony was not less than 10 
milligrams of Sb 4 4 . With smaller amounts, the results were far too 
high, owing probably to the far greater proportional increase of sul- 
phur. Attempts to weigh as sulphide, after fusion of the first hydro- 
gen sulphide precipitate with potassium nitrate and carbonate, like- 
wise gave too high results when the amount of antimony was small. 
Further, the two latter methods are somewhat unsatisfactory, in that 
when the amount of antimony is very small, the nature of the final 
products is such, it is difficult to be certain of the purity of the mat- 
ter weighed. 

Owing to this reason partly, we next turned our attention to the 
electrolytic method for the separation and determination of antimony, 
as in this case the appearance of the metallic mirror is in itself a fair 
guarantee of the nature of the deposit, and its purity is easily proved- 

Alex. Classenf has shown the accuracy of the method in general 
quantitative work, where moderate amounts of antimony are present 
(0-15 — 0-2 grams Sb). In his experiments, the antimony, in the iorm 
of sulphide, was dissolved in ammonium sulphide and the solution 
then exposed to electrolytic action. The ammonium sulphide solu- 
tion must be free both from polysulphides and from free ammonia. 



* Micro-Chemistry of Poisons, p. 229. 

f Quantitative Analyse durch Elektrolyse. Berichte d. deutsch. chem. Gesell., xvii, 
p. 2474. See also Alex. Classen and Rob. Ludwig, ibid., xviii, p. 1104. 
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Classen also found that antimony was deposited quantitatively, 
when the sulphide was dissolved either in potassium or sodium mono- 
sulphide, or in potassium or sodium hydrosulphide. Poly sulphides 
must also be absent in this case, and the potassium and sodium must 
be quite free from both iron and aluminum, as by long continued 
electrolytic action, sulphide of iron and aluminum hydroxide may be 
deposited upon the antimony. Classen also recommends the use of 
ammonium sulphydrate and a weak current ; a strong current tending 
to cause the separation of the antimony in a pulverulent form, not 
closely adherent to the platinum. 

As it would be necessary in our work, after oxidation of the or- 
ganic matter, to separate the antimony as sulphide, the above method 
seemed particularly advantageous, and experiments were therefore 
tried to ascertain its value when applied to very small quantities. 
We employed a battery of four moderate sized gravity cells, giving a 
weak current, and as a rule, exposed the solution to the action of the 
current for at least 15 hours, as we found better results were ob- 
tained by the long continued action of a weak current, than by the 
quicker action of a more ra^>id one; particularly in such solutions as 
we usually had to work with, containing considerable excess of sul- 
phur and some organic matter. The negative pole of the battery was 
either a small platinum crucible or a platinum dish, while the posi- 
tive pole was a large piece of platinum foil welded onto a good sized 
platinum wire. The deposition of the antimony was much more 
complete, more tightly adherent to the platinum, and as a rule less 
mixed with sulphur under this arrangement, than when the dish was 
made to serve as the positive pole; due, doubtless, simply to the 
broader surface for the deposition of the metal. 

Using ammonium sulphide as a solvent for the antimony sulphide, 
did not give us very good results by electrolysis, the loss being con- 
siderable. Much better results were obtained by using a solution of 
sodium ruonosulphide, made by saturating one-half of a 15 per cent, 
solution of sodium hydroxide with hydrogen sulphide, and then add- 
ing the remaining half of the sodium hydroxide solution. 

The method was tested by precipitating definite volumes of a 
standard antimony (tartar emetic) solution with hydrogen sulphide, 
dissolving the metallic sulphide in the sodium monosulphide and then 
exposing the solutions to electrolytic action. When the separation of 
the metal was complete, it was found best to wash the deposit with 
considerable water, without breaking the current; as sometimes, as in 
the presence of tartaric acid, the separated metal rapidly dissolved 
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' on discontinuing the current. The antimony was then finally washed 
with alcohol, any adherent sulphur lightly brushed off and the dish 
dried and weighed. 

Following are some of the preliminary results obtained : 



Standard Sb 


Theoretical 


Am't Sb 


Duration 


Solution. 


Am't Sb. 


found. 


of Electrolysis. 


50 c. c. 


00375 gram. 


00375 gram. 


16 hours. 


10 


00075 


0-0077 


18 


10 


00075 


O-0075 


24 


10 


00075 


0-0078 


18 


10 


0-0075 


00074 


8 


2 


00015 


0-0012 


10 


1 


0-00075 


0-0008 


3 



These results showed the method to be perfectly satisfactory for 
our purposes, and we, therefore, next tried the separation of small 
amounts of antimony from organic matter, and its final recovery by 
the above method. 

As there was no doubt that large amounts of antimony could be 
satisfactorily recovered from organic matter, our experiments were 
confined mainly to very small quantities. In each experiment, 100 
grams of either liver or beef were finely divided and to the so-pre- 
pared tissue, a few cubic centimetres of the standard antimony solu- 
tion were added and the mixture thoroughly oxidized with hydrochlo- 
ric acid and potassium chlorate. After removal of all free chlorine 
from the filtered fluid, by careful heating, the antimony was precipi- 
tated by hydrogen sulphide. This precipitate, which naturally con- 
tained, in addition to the sulphide of antimony, considerable sulphur 
and some organic matter, was then treated as follows : While still 
moist, after being freed from all hydrochloric acid by thorough wash- 
ing, it was dissolved in the cold sodium monosulphide solution and 
then directly subjected to electrolysis. At first, we thought it nec- 
essary to free the precipitate from its excess of sulphur and organic 
matter by solution in ammonium sulphide, evaporation, fusion with 
potassium carbonate and nitrate, etc., obtaining it finally in the form 
of sulphide again, free from its former impurities. This, however, 
we found to be unnecessary; in fact the loss was far greater than the 
gain. Provided the oxidation with potassium chlorate be a thorough 
one and the free chlorine entirely removed from the solution, the 
first hydrogen sulphide precipitate is well adapted for electrolysis 
directly. It was found best, however, to keep the solution on the 
battery until all of the sulphur and organic matter was oxidized ; 
that is until the reaction of the fluid had become acid. This took, 
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many times, 30 to 40 hours with our slow current. A more rapid 
current, would, to be sure, bring about a change in reaction much 
more quickly, but occasionally under such conditions the antimony 
would be less closely adherent and loss occur. Then again as the 
sulphur present was gradually changed into sulphuric acid, the final, 
strongly acid-reacting fluid, became a good conductor and so at the 
last, even with our four cells, electrolytic action was quite strong. 
In washing the deposited antimony, the acid fluid was syphoned out 
and water continuously added, without breaking the current, until 
the original fluid was entirely removed. 

Following are a few of the results obtained, the antimony being 
added to 100 grams of tissue in each case. 



Standard Sb 


Theoretical 


Am't Sb 


Duration 


Solution. 


Am't Sb. 


found. 


of electrolysis. 


10 c. c. 


0-0075 gram. 


0-0075 gram. 


24 hours. 


10 


0-0075 


0-0072 


48 


10 


0-0075 


0-0069 


36 


10 


0-0075 


0-0074 


24 


10 . 


0-0075 


0-0064 


20 


5 


0-0037 


0-0028 


18 



The results are certainly not all as close as those obtained in the 
absence of organic matter, but are perhaps as satisfactory as could be 
expected under the conditions of the experiment, viz : a large pro- 
portional amount of tissue (100 grams), a very small amount of 
metal and a large volume (say 500 c.c.) of fluid to precipitate from, 
with hydrogen sulphide. Even under the most unfavorable condi- 
tions, at least 75-80 per cent, of the antimony introduced into the or- 
ganic matter was recovered. 

We next turned our attention to the obtaining of some convenient 
and quick method for the direct determination of antimony in urine, 
or other like organic fluid. Preliminary experiments showed us that 
antimony, in the form of tartar emetic, could be separated completely 
(rom a tartaric acid solution by electrolysis. The separation takes 
place rapidly, but care must be taken to remove all of the tartaric 
acid solution by displacement with water, before breaking the cur- 
rent, otherwise the deposited antimony will instantly dissolve. Trial 
tests repeatedly gave results in close accord with theory. Excess of 
sodium tartrate, however, appeared to interfere somewhat with sep- 
aration of the antimony ; while the presence of sodium chloride in 
the presence of an excess of tartaric acid, prevented entirely the 
separation of the antimony. From a sulphuric^ acid solution, how- 
ever, antimony was also deposited quantitatively, and on applying 
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this method to antimoniacal urine, we found it possible to recover the 
antimony without loss. The following results testify to the accuracy 
of the method : 

In each experiment 25 c.c. of normal urine were employed, to which 
was added a number of cubic centimetres of the standard antimony 
solution and then 1 c.c. of pure dilute sulphuric acid, after which the 
solution was connected with the battery. 



Standard Sb 














Solution in 


Theoretical 


Amount Sb 


Duration of 


25 o. c. urine. 


amount Sb. 


found. 


electrolysis. 


10 c. c. 


0-0075 gram. • 


00075 


gram. 


48 hours. 


10 " 


0-0075 


n 


0-0074 


a 


24 


tt 


10 " 


0-0075 


tt 


0-0074 


a 


20 


a 


5 " 


000875 


*t 


0-0088 


a 


18 


n 


5 " 


000375 


tt 


00087 


a 


18 


a 


5 " 


000375 


a 


00036 


a 


15 


a 


3 " 


0-00225 


tt 


0-0024 


ti 


10 


a 


2 " 


0-0015 


tt 


0-0018 


a 


20 


a 


2 " 


0-0015 


a 


0-0016 


a 


18 


a 


1 " 


0-00075 


a 


0-0008 


a 


16 


a 



Doubtless all of these results could have been obtained equally as 
well in a very much shorter time, but most of the solutions were con- 
nected with the battery at night and allowed to run until morning, 
or whenever convenient. The method is evidently very accurate 
when applied in this manner, and we have made use of it very satis- 
factorily, eVen with 150 c. c. of urine, using in this case a platinum 
dish of 200 c. c. capacity as the negative electrode. 

2. Relative distribution of absorbed antimony. 

As already stated, the object sought in the following experiments 
was to ascertain the relative distribution of antimony under varying 
conditions ; particularly, variations in the form of the poison, as its 
solubility or insolubility ; in the method of introduction, as per 
mouth, rectum or sub-cutaneously ; and lastly in the length of time 
during which the poison is being taken, whether in one large dose or 
in many small ones frequently repeated. All of these points we have 
endeavored to cover in the experiments about to be described. 

Experiment I. . 
Hypodermic injection of a solution of tartar emetic. 

0*120 gram of tartar emetic, dissolved in a little water, was intro- 
duced under the skin (right thigh) of a cat weighing 1262 grams. 



Trans. Conn. Aoad., Vol. VII. 



36 



Nov., 1886. 
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3:10 p. m., solution injected. 

3:16 " vomited copiously. 

3:30 " " again, simply mucus. 

3:23 " " mucus and bile. 

3:38 " " and purged. 

3:45 " partially paralyzed. 

3:54 " vomited' again. 

4:30 " much prostrated. 

5:10 " dead. 

The various organs were then separated and the absorbed antimony 
determined, according to the method already indicated. Following 
are the results : 

Sh per 100 
Total weight, Weight of Sb, grams of tissue, 
grams. milligrams. milligrams. 

Liver __ _... 52-0 6-35 12-21 

Brain _ 27*5 060 2-18 

Heart and lungs _.. 32*0 0*70 2-18 

Kidneys _ 120 0-15 1-25 

Stomach and intestines 74*0 0*80 1 -08 

Muscle from back 1380 1 25 0-90 

335-5 9-85 

These figures show the greatest absorption by the liver; the brain 
stands next, while the muscle tissue appears to have absorbed but a 
relatively small amount of the antimony. In this connection it must 
be remembered that two hours only, intervened between the intro- 
duction of the poison and the death of the animal, hence it is evident 
that the brain tissue must have a decided tendency to hold absorbed 
antimony. The antimony, however, was introduced in the form of a 
readily soluble salt and under conditions directly favoring rapid and 
wide-spread distribution. That there is certainly some decided selec- 
tive action, is evident from the fact that the muscle tissue, which 
must truly have had as good an opportunity as the brain tissue, 
retained per 100 grams of substance far less of the poison. Elimin- 
ation had evidently commenced, for the kidneys contained a decided 
amount of antimony. 

Experiment II. 

Hypodermic injection of a solution of tartar emetic. 

In this experiment, a smaller amount of tartar emetic was used 
than in the preceding; and further, the poison was introduced in 
three distinct doses, thus allowing longer time for absorption. In 
fact, the animal lived 22 hours after the first dose, hence the experi- 
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ment stands in striking contrast to No. 1, in which the animal lived 
but two hours; while the results, contrasted with the preceding, 
show plainly the influence of time on the distribution of the poison. 
Following are the results of the experiment on a rabbit weighing 
1295 grams. 

Mar. 31, at 5:20 p.m., injected under the skin of leg, 0*012 grm. tartar emetic. 
April 1, " 8:45 a.m., " " 0-035 

April 1, " 12:45 p.m., " " 0085 






Total, 0-082 

Animal died at 3-05 p. m. 

Following is the distribution of the antimony : 

Sb per 100 
Total weight, Weight of Sb, grams of tissue, 
grams. milligrams. milligrams. 

Kidneys.. 11*5 060 5-21 

liver 630 1-50 2-38 

Brain _ 9-0 0-20 2-22 

Stomach and intestines 980 2*00 204 

Heart and lungs 170 0-25 1*47 

Muscle from back 106-0 0*70 066 

3045 5-25 

As might naturally be expected, the results indicate a more 
even distribution of the poison than in the preceding experiment. 
Although two-thirds as much antimony was used as in experiment 
No. 1, the liver contains a far smaller proportional amount of the 
poison than in the preceding experiment, while the kidneys stand 
first in their content of antimony. Between the brain and the liver, 
there is but little difference and the experiment plainly substantiates 
the preceding in showing the tendency of brain tissue, under these 
conditions, to absorb and retain antimony. In the muscle tissue the 
percentage of absorbed antimony is almost exactly the same as in 
No. 1, that is, proportional to the amount of antimony introduced. 
The animal had evidently lived long enough to admit of a fairly 
complete distribution of the poison, and elimination having been 
going on for some time, those parts which had originally contained 
the most, particularly the liver, had been drawn on to the greatest 
extent; so that at the time death intervened, the excretory organs, 
notably the kidneys, were the richest in poison. This fact further 
indicates that the elimination of absorbed antimony proceeds some- 
what rapidly. 
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EXPEBIMBNT III. 

Hypodermic injection of a solution of tartar emetic. 

In this experiment, a cat weighing 1613 grams, had injected under 
the skin of its hind leg 0*150 gram of tartar emetic in one dose. 
There was some purging and vomiting, and the animal died in 4J 
hours after the administration of the poison. The object sought in 
this experiment, which is virtually a repetition of No. 1, with a some- 
what larger dose of antimony, was simply to see whether there 
would be found the same relative absorption of antimony by the 
liver and kidney as in No. 1, and if by chance there should occur a 
longer interval of time between the introduction of the poison and 
death, what then would be the relative amounts of antimony in the 
two organs. As stated above, the animal lived 4J hours after the 
administration of the poison, or 2^ longer than the cat in No. 1. 
Following are the results of the analysis of the two organs : 

Sb per 100 
Total weight, Weight of Sb, grams of tissue, 
grams. milligrams. milligrams. 

Liver 62-0 250 403 

Kidneys 14-5 0*25 1-72 

These confirm to a certain extent the results of No, 1^ while at the 
same time the smaller difference between the amount of antimony 
contained in the liver and kidneys, as compared with the difference 
found at the end of two hours (see experiment I), would seem to 
indicate that the liver had already absorbed its maximum amount, 
and that at the time of death, elimination was well under way ; or in 
other words, that the removal of the absorbed antimony from the 
liver had already commenced. 

Experiment IV. 

(a.) Hypodermic injection of a solution of tartar emetic, 
(b.) Injection of a solution of tartar emetic per rectum. 

These two experiments were undertaken to ascertain whether the 
avenue by which the poison was introduced, would influence materi- 
ally the relative absorption of the antimony. The results, however, 
although interesting, do not definitely answer the question. Absorp- 
tion by injection per rectum is so much slower than by hypodermic 
injection, or the effects produced are so much slower in manifest- 
ing themselves, that it is impossible to have the conditions exactly 
alike in the two cases. Either the time required to produce a given 
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effect, in the case of injection per rectum, will be longer than by 
hypodermic injection, or else the amount of poison must be corre- 
spondingly increased ; either of which introduces an objectionable 
element into the experiment. fc 

(a.) Rabbit weighing 1485 grams had injected under its skin 0*80 
gram of tartar emetic dissolved in a little water. Injection made at 
11:35 a. m. At 3:45 p. m., 4 hours and 10 minutes after the first 
injection, 0*08 gram more was injected in the same manner. At 4:05 
p. m. the animal died. 

(b.) Rabbit weighing 1512 grams had injected per rectum 0*08 
gram of tartar emetic dissolved in a little water. Injection made at 
11:45 a. m. At 3:50 p. m. the animal apparently not being affected 
at all, whereas rabbit (a) was strongly under the influence of the 
poison, 0*160 gram more of the salt was injected per rectum as 
before. At 5:30 p. m. the animal was still alive, but evidently feel- 
ing the effect of the poison. The animal died during the night. 

Following are the results of the analysis of the parts from the two 
rabbits : 

Rabbit (a) hypodermic injection. 

Sb per 100 
Total weight, Weight of Sb, grams of tisssue, 
grams. milligrams. milligrams. 

Kidneys _ 10-2 

Brain 5*5 

Liver _ 54*0 

Heart and lungs . 15*5 

Stomach and intestines 174*0 

Muscle 1100 

369-2 4*55 

Rabbit (b) injection per rectum. 

Sb per 100 
Total weight, Weight of Sb, grams of tissue, 
grams. milligrams. milligrams. 

Stomach and small intestines. _ _ 172 

Brain _ 9 

Rectum and adjoining intestine. 18 

Liver _ 54 

Kidneys 18 

Muscle ..-- 100 

Urine... _ _ 20 

# Heart and lungs 17 

403 12-99 



0-65 


6-34 


0-20 


3-63 


1-30 


2-40 


0-30 


1-98 


1-60 


0-92 


0-50 


0-45 



8-89 

• 


15-30 


0-40 


4-40 


0-55 


3-05 


1-60 


2-96 


0-25 


1-92 


1-10 


1-11 


0-20 


1-10 


trace 
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Comparing first, the results obtained from rabbit (a) with those 
of the three preceding experiments, we see at once that the distribu- 
tion of the antimony is much the same as in No. 2, in which, how- 
ever, the animal lived nearly 22 hours after the introduction of the 
first dose of poison and somewhat over two hours after the last. 
The fatal dose, moreover, in this case was nearly the same in amount 
as the first dose in experiment IV a. 

The conditions, however, of this experiment (IV a) do not exactly 
accord with any of the preceding, hence close comparisons cannot 
well be made. The brain, as in all of the experiments with tartar 
emetic, contains a proportionally large amount of antimony, while 
the muscle contains a very small amount. The only thing in this 
experiment not exactly in accord with the preceding experiments, is 
the proportionally large amount of poison in the kidneys, as com- 
pared with the liver. The only apparent explanation seems to be 
that, the first dose being small, the liver had quickly reached its 
maximum absorption and elimination had been rapidly going on; so 
that at the end of the four hours intervening between the first and 
second doses of the poison, the kidneys had drawn extensively from 
the liver, rapidly diminishing its content of the poison. Further, 
after the second dose of poison, the time before death was so short 
that the additional absorption by the liver was not sufficient to make 
up the deficiency, and hence the results found. In this connection, it 
must be remembered that tartar emetic is very readily soluble and 
diffusible, and that being injected in solution directly under the skin, 
its absorption must necessarily be very complete and rapid. 

In Rabbit (b) the conditions are wholly different from those of the 
preceding experiments. In all, 0*24 gram of tartar emetic, dissolved 
in water was introduced into the rectum and 8-10 hours, at least, 
must have intervened between the administration of the first dose of 
the poison and death. That the stomach and small intestines should 
contain the largest proportional amount of antimony is perhaps not 
at all strange, since the antimony solution would naturally pass 
rapidly by osmosis through the entire alimentary tract. That this, 
however, is not the full explanation, is evident, when we compare 
the amount found in the large intestine with the former. If due 
simply to osmosis, the percentage amount of antimony would be 
about the same all through the intestines ; hence we must look to 
some selective action for explanation of the increased amount found 
in the small intestines. In all of the preceding experiments, the 
amount of antimony found in the stomach and intestines has been 
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considerably greater than in the muscle tissue. Undoubtedly, the 
greater vascularity of the former has much to do with its greater 
content of the metal, but even this is not sufficient to account for all 
of the antimony found ; for whenever blood itself has been analyzed, 
the amount of antimony has not been large. Unquestionably then, 
we must assume special absorptive action on the part of the epi- 
thelial cells of the stomach and small intestines. In this connection 
it is well to notice the work of Brinton, who proved that when 
tartar emetic was injected into the vein of an animal, it was very 
freely and rapidly eliminated by the stomach. This was also cor- 
roborated by Dr. Richardson who, in addition, found that a simi- 
lar elimination followed the inhalation of antimoniuretted hydro- 
gen.* In addition, it may be that absorption of antimony from 
the alimentary tract goes on slowly and that hence only a por- 
tion was removed. This idea has considerable to support it, 
when we consider the distribution of the absorbed antimony. 
Remembering that in this experiment, a larger amount of anti- 
mony was used than in any of the preceding ones, and that there 
was apparently ample time for absorption, one cannot help but think 
that the content of antimony in the remaining tissues and organs is 
very small. This is very evident, and must be due to one of two 
causes ; either there has been a lack of absorption or else elimination 
has been going on very rapidly. The brain contains a noticeable 
amount of antimony, larger than found in any preceding case, while 
the liver and kidneys both contain a comparatively small amount. 
The amount of antimony in the kidneys and particularly the amount 
in the urine, plainly indicates that elimination was going on rapidly; 
but the fact that the percentage content of antimony in the liver is 
greater than in the kidneys, would perhaps indicate that at the time 
of death, absorption was not completed. Such being the case, the 
only inference to be drawn from the two preceding experiments, is 
that the introduction of tartar emetic into the rectum leads simply 
to a much slower absorption and distribution of the antimony than 
by hypodermic injection, but that there is no essential difference in 
the relative distribution of the poison under these two conditions. 

* Quoted by H. C. Wood, Therapeutics, p. 159. 



82 Chittenden and Blake — Distribution of 

Experiment V. 
(a.) Tartar emetic in substance, introduced into the stomach, 
(b.) Antimonious oxide (Sb 9 3 ) introduced into the stomach. 

In this experiment there were two objects in view ; one was to see 
the effect of tartar emetic in substance, as compared with the action 
of the same salt introduced into the system by hypodermic injection 
or per rectum ; the second, to compare the absorption of an insoluble 
compound of antimony (Sb a 8 ) with that of the more soluble tartrate. 

In this experiment two dogs were used and the poison was fed to 
them at regular intervals, in small doses, for a period, in each case, of 
17 days. The animals were then killed and the various parts anal- 
yzed. The two experiments were exactly alike in every respect, 
except in the amount of poison administered. 

(a.) Dog weighing 7 *75 kilos was fed 0*762 gram of tartar emetic 
during a period of 17 days, in two or three doses daily, the individ- 
ual doses being small enough not to induce vomiting. The first two 
days, the dose was 0*016 gram per day, the third 0*020 gram, the 
fourth 0*030 gram and so on, increasing each day until the last daily 
dose was 0*085 gram of the poison. The dog was then killed by 
chloroform, just six hours after the last doae of poison was adminis- 
tered. 

(b.) Dog weighing 14*2 kilos was fed 2*073 grams of antimonious 
oxide, during a* period of 17 days, in two daily doses of from 0*032 
to 0*125 gram per day. The dog was then killed by chloroform, 18 
hours after the last dose of antimony was given. 

Following are the results of the analysis of the various parts : 

Dog (a) with tartar emetic — (0*762 gram). 

Sb per 100 
Total weight, Weight of Sb, grams of tissue, 
grams. milligrams. milligrams. 

Liver - 304 17*80 5*85 

Salivary glands 11 0*25 2*27 

Kidneys 58 1*25 2*15 

Brain _. 76 115 151 

Tongue 36 0*40 Ml 

Muscle (thigh). _ _ . 150 1*60 1*06 

Spleen 19 0*15 0*80 

Heart 77 0*50 0*66 

Lung 140 0-50 0*36 

Bone (femur and tibia) 43 0*10 0*23 

Blood - 130 0*20 015 

Testes - 12 trace 

Pancreas 23 trace 

1079 24*05 
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Dog (b) with antimonious oxide — (2*073 grams). 

Sb per 100 
Total weight, Weight of Sb, grams of tissue, 
grams. milligrams. milligrams. 

Liver _ 452 28-70 5-24 

Lungs 140 1*80 1-28 

Muscle (fore leg) 157 1-20 0-76 

Brain 79 0-40 0-50 

Muscle (thigh) 200 , 090 0-45 

Kidneys 82 0-10 .0-12 

Heart _ 117 trace 

Blood _ 440 trace 

1667 28-10 

Id considering these results, we notice first that in dog (a) the dis- 
tribution of the poison is much the same as in the preceding experi- 
ments with tartar emetic, viz : the liver, kidneys and brain stand 
first in their content of antimony. That the liver should contain 
more per 100 grams than the kidneys, although the animal lived full 
eight hours after the last dose of poison was taken, is here to be 
expected, since absorption as a whole would naturally be slower 
than in some of the preceding experiments ; and, further, in this case 
probably all of the antimony would be absorbed through the portal 
circulation. In the case of dog (b)> the conditions are different from 
any heretofore ; we have here an insoluble form of antimony con- 
trasted with a readily soluble and diffusible salt. Solution must 
necessarily be somewhat slow in this case, but the acid juices of the 
stomach unquestionably do dissolve and render diffusible, at least a 
portion of, this form of the poison. 

We notice first that the total amount of antimony administered, is 
fully three times as much as the amount of tartar emetic given, and 
yet the amount of antimony recovered from the different tissues and 
organs is but 4 milligrams more than in the case of tartar emetic. 
This suggests that either considerable antimony is excreted by the 
kidneys (more than in the case of tartar emetic) or else that consid- 
erable passes through the alimentary tract unabsorbed. The dog 
being confined in a cage of suitable construction, the 24 hours' urine 
was collected on several occasions and the amount of antimony deter- 
mined. Thus on one day, when 0*097 gram of antimonious oxide had 
been administered, following after a daily dose of 0*064 gram, the 24 
hours' urine contained 13*5 milligrams of antimony (Sb). Later, at a 
time when the daily dose was 0*130 gram of the oxide, the 24 hours' 
urine contained 22*5 milligrams of antimony. Hence it is plain that 

Trans. Conn. Aoad., Vol. VII. 37 Nov., 1886. 
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considerable of the antimony given was being absorbed ; but bearing 
in mind that this latter amount was the largest excreted by the kid- 
neys in any one day, and further that the daily dose of antimony was 
being increased each day rather than diminished, it is also plainly evi- 
dent from the amount of absorbed antimony found, that a certain por- 
tion must pass through the alimentary canal unabsorbed. Further, the 
small amount of antimony found in the kidneys supplements this 
view, as does also the noticeably small amount of absorbed antimony 
found throughout the body, aside from the liver. 

One of the main objects in trying this last experiment was to see 
what influence the form of the poison would have on its absorption 
by the brain. With arsenic, it has been plainly demonstrated by 
one of us,* as well as by other workers in this field, that soluble and 
readily diffusible forms of arsenic are absorbed by the brain in 
appreciable quantities, while arsenious oxide for example, no matter 
whether taken in large or small doses, single or oft-repeated, is never 
found in the brain other than in mere traces. With antimony we 
had expected to see something of the same kind. The results, how- 
ever, although tending in that direction, are not quite as decisive as 
we should have liked. The antimony found in the brain in the anti- 
monious oxide case is, to be sure, considerably smaller in amount than 
that found in (a), although the dose of antimony given in the former 
was much larger than in the latter case. But it is also to be seen in 
the antimonious oxide case, that the amount of absorbed antimony in 
the brain, although very small, is still greater than the amount found 
in the kidneys or muscle. 

We attempted another experiment in the same direction with rab- 
bits, but as the amounts of antimony found in the brain in both ani- 
mals were hardly more than mere traces, the results do not give us 
any additional light on the matter. In spite of the fact that the 
experiment was a failure, so far as its main object was concerned, we 
venture to describe it, since it well illustrates in other respects, the 
greater virulence and diffusibility of tartar emetic. Two rabbits of 
nearly equal weight were selected, and to one potassium antimony 
tartrate was fed in gradually increasing doses for a period of 17 
days, at the end of which time the animal died with all the symp- 
toms of antimoniacal poisoning. To the other rabbit, antimonious 
oxide was fed for the same period of time, in doses the same as given 
to the first rabbit ; that is, doses equivalent to the antimony (Sb) 
contained in the tartar emetic. Each rabbit, therefore, received 

* See Studies from this Laboratory, vol. i, for the year 1884-85, p. 141. 
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twice a day, the same equivalent of antimony, and at the end of the 
17 days the one rabbit had taken 2*34 grams of tartar emetic, the 
other 1*08 grams of antimonious oxide. While each rabbit had 
taken the same amount of antimony, the one which had taken it in 
the form of potassium antimony tartrate was much more severely 
affected by the poison. In this case there was severe purging and 
finally death on the 1 7th day. In the case of the rabbit fed with 
antimonious oxide, the only apparent effect of the poison was a loss 
of appetite and great thirst. This animal was killed with chloro- 
form on the death of the first rabbit. Both forms of antimony were 
administered as powders, by way of the mouth, in small gelatin 
capsules. 

Following are the results of the analysis of the various parts 
from the two rabbits : 

Rabbit (a) fed with tartar emetic. 

Sbper 100 
Total weight, "Weight of Sb, grams of tissue, 
grams. milligrams. milligrams. 

liver _ _ 500 48 960 

Kidneys 6-7 0-5 7-40 

Heartand lungs 18-0 0-4 2-22 

Muscle from back 55-0 0*5 0*91 

Muscle from legs 79-0 0-3 0-88 

Brain.. 7*7 trace 

216-4 6-5 

Rabbit (b) fed with antimonious oxide. 

Sb per 100 
Total weight. Weight of Sb, grams of tissue, 
grams. milligrams. milligrams. 

liver _._ 57-0 1-8 2-28 

Muscle from back 77-0 0-7 0-90 

Muscle from legs 100-0 0-7 0-70 

Kidneys 8*0 trace 

Heart and lungs ._ 16-0 trace 

Brain _ 8-5 trace 

266-5 2-7 

Looking at these results and remembering that each animal re- 
ceived the same amount of metallic antimony, it is evident that 
tartar emetic is much more completely absorbed than the oxide. 
With tartar emetic, however, the results are not exactly in accord 
with the previous ones, obtained with this salt ; thus the amount of 
antimony absorbed by the brain is far smaller proportionally than 
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found hitherto. To be sure, the compound was not in the previous 
experiments introduced into the stomach of a rabbit in the form of 
powder, and it is possible that the reason for the difference in the 
amount of antimony found in the brain in this case and that in the 
brain of the dog similarly treated, lies in the fact of a slower 
absorption from the stomach of a herbivorous animal. 



Influence of Antimonious Oxide on Metabolism. By R. H. 
Chittenden and Joseph A. Blake. 

The physiological action of antimony has been studied mainly with 
potassium antimony tartrate, the form in which antimony is most 
commonly used therapeutically. No experiments, however, appear to 
have been made, even with this salt, to ascertain the influence of an- 
timony on the metabolism of the body. Gathgens, however, as 
quoted by Dr. H. C. Wood,* found in some incomplete experiments 
an increase in the elimination of urea after repeated non-toxic doses 
of antimony. It is further reported f that antimonic acid or other 
preparations of the metal, when taken in half gram doses daily for 
about two weeks, cause a diminution in the amount of glycogen in 
the liver and even a total disappearance of it, and that the liver, kid- 
neys and heart undergo fatty degeneration. Grohe and MoslerJ 
have confirmed the latter and state that in the production of the 
famous fatty livers, a certain amount of the white oxide of antimony 
is fed to the geese daily. Aside from these facts, there appears lit- 
tle definite regarding the action of antimony on the physiology of 
nutrition. 

What we have, therefore, endeavored to ascertain in the present 
experiment is the influence of antimony on metabolism ; or particu- 
larly, on proteid metabolism as manifested in the excretion of nitro- 
gen, sulphur and phosphorus. Previous experiment^ have shown that 
potassium antimony tartrate has a noticeable retarding action on 
pancreatic digestion ; we have not, however, deemed it best in the 
present experiments to use tartar emetic, as the ready solubility and 
diff usibility of the compound might cause too rapid absorption and 
thus lead to speedy toxic action. In spite, therefore, of the fact that 
we have not made any experiments on the influence of antimonious 
oxide on digestive action, we have preferred to use the latter in the 
present experiments, because of its probable slower toxic action and 
also because it has been so extensively used as a means to induce, or 
to aid in the production of, fatty degeneration. 



* Therapeutics, Materia Medica and Toxicology, p. 156. 
f See Yirchow's Archiv., 1866, Band xxxiv, p. V8. 
% Compare H. 0. Wood. Therapeutics, p. 161. 
§ Studies from this Laboratory, 1884-85, p. 105. 
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Our experiments were made on a setter dog, weighing 12*6 kilos. 
The animal was confined in a suitable cage, so that the excretions 
could be collected daily without loss. The food consisted of fresh 
beef and crackers, together with a suitable amount of water. The 
beef was prepared as follows : About 40 lbs. of fresh beef, freed from 
fat, tendons, etc., was finely divided by passing through a sausage 
machine and then dried at a low temperature until it had lost about 
75 per cent, of water, and was in a condition suitable for preservation. 
50 grams of this preserved meat, together with 75 grams of the sam- 
pled crackers, soaked in 300 c.c. of water, were fed to the dog twice 
daily. The meat, as determined by KjeldahPs method, contained 
12*4 per cent, of nitrogen, while the crackers contained 1*9 per cent. 
Hence the dog was fed daily 15*25 grams of nitrogen. 

On May 11th, the dog was put upon this diet and from the 17th on, 
the 24 hours' urine was collected daily and analyzed. After a period 
of two weeks, during which daily analysis of the urine had shown a 
fairly constant composition, antimonious oxide was added to the diet 
in the quantities indicated in the table of results ; the diet of course 
continuing the same throughout the length of the experiment. 

We deemed it better, as well as more accurate, to measure the in- 
fluence of the antimony by a daily determination of the total nitro- 
gen, sulphur and phosphorus of the urine, rather than to attempt a 
determination of urea, uric acid, phosphoric acid, etc. Nitrogen, we 
determined, according to the method of Kjeldahl,* modified slightly 
as suggested by Dr. E. H. Jenkins, of the Agricultural Experiment 
Station, viz: 5 c.c. of the acid urine were placed in a long pear-shaped 
bulb and evaporated to dryness quickly on a water bath. The resi- 
due was heated directly over a small flame with 10 c.c. of pure con- 
centrated sulphuric acid and 0*7 gram of oxide of mercury, until oxi- 
dation was almost complete. Then, a little finely powdered potassium 
permanganate was added, to render the oxidation quite complete. 
The solution was then diluted, an equivalent amount of potassium 
sulphide added to convert the mercury into sulphide, and lastly a 
standard solution of sodium hydroxide, after which the ammonia was 
driven off by boiling and collected in standard acid. 

Total phosphorus and sulphur were determined as follows : 50 c.c. 
of urine were evaporated in a capacious silver dish with 10 grams of 
potassium hydroxide and 10 grams of potassium nitrate and the resi- 



* Neue Methode zur Bestimmung des Stickstoffs in organischen Korpern. Zeitschrift 
fur analytische chemie, xxii, 366. 
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due heated carefully until the organic matter was completely oxidized. 
The fused mass was then dissolved in water and diluted to 250 c.c. 
Of this, 100 c.c, representing 20 c.c. of the original urine, were used 
for the sulphur, while the second 100 c.c. were used for the 
phosphorous, determination. For sulphur, the 100 c.c. were acidi- 
fied with hydrochloric acid and evaporated to dryness on a water 
bath in order to remove all nitrate and nitrite. The residue was then 
dissolved in water acidified with hydrochloric acid, and the sulphuric 
acid precipitated with barium chloride in the usual manner. For 
phosphorus, the 100 c.c. were acidified with nitric acid, evaporated 
to dryness, the residue dissolved in water, acidified with nitric acid 
and the phosphoric acid precipitated with molybdenum solution. 
This precipitate was then dissolved in a dilute solution of ammonia, 
the phosphoric acid reprecipitated as ammonio-magnesium phosphate, 
and the phosphorus finally weighed as magnesium pyrophosphate. 
Chlorine was determined volumetrically in the usual manner, with 
a standard solution of silver nitrate, after destruction of the organic 
matter by fusion with potassium nitrate, etc. 

The results, expressed in grams per 24 hours, are shown in the ac- 
companying tables. The 24 hours' urine represents the quantity passed 
from 9 a. m. of one day to 9 a. m. of the next. As, however, the ani- 
mal was not always regular in its passage of urine, it frequently 
happened that the quantity on one day would be very small, while on 
the next it would be correspondingly increased, without any change 
in specific gravity, and with a daily average corresponding to the 
normal, as for example on May 25th and 26th. 

In order, therefore, to obviate the difficulty which this irregularity 
tends to introduce into the results, we have added to the table a daily 
average of each three days results ; a study of which shows plainly 
that antimonious oxide, in the present experiment at least, does 
not have any noticeable influence on the excretion of any of the ele- 
ments determined. Numerically, there is a slight increase in the 
amount of nitrogen excreted during the taking of the antimony, but 
the increase is noticeable only in the grand average and is altogether 
too small to be of much significance. Further, it is to be noticed that 
the average for the two series does not show any corresponding in- 
crease in sulphur. If antimony causes an increased excretion of 
nitrogen, it means an increase in proteid metabolism, which should in 
turn give rise to an increased excretion of sulphur and phosphorus. 
It is to be noticed in the daily results, that the excretion of sulphur 
nd phosphorus runs parallel with the excretion of nitrogen ; an in- 
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crease in the latter is always accompanied by an increase in the two 
former. In the grand average of the results, however, the slight in- 
crease in nitrogen is not accompanied by a corresponding increase in 
sulphur. In fact, the two series of results, indicate plainly that the 
antimony was without any material action. The total amount of an- 
timony given, 16 grains of the oxide during 13 days, was certainly 
sufficient in quantity to have exerted its peculiar influence if possessed 
of any. The antimony was certainly absorbed, and that too in con- 
siderable amount. Thus on the 11th of June the 24 hours' urine con- 
tained 13*5 milligrams of metallic antimony; on the 17th, 22*4 milli" 
grams; on the 18th, 17*6 milligrams and on the 20th of June, 15*1 
milligrams of metallic antimony. These quantities of absorbed anti- 
mony would certainly indicate the presence of sufficient antimony for 
some decided influence on metabolic action, if any existed. The 
amount of nitrogen excreted daily, is seen to be considerably below 
the amount of nitrogen ingested. We did not make daily examina- 
tions of the faecal matter, but such as were made showed plainly that 
the deficiency in nitrogen was contained mainly in the faeces ; thus on 
the 5th of June the 100 grams of faeces excreted, contained 2*42 
grams of nitrogen. At that date, the average amount of nitrogen 
excreted by the urine was 12*36 grams per day ; this amount, added 
to the faecal nitrogen makes a total of 14*78 grams excreted, against 
15*25 grams ingested; a difference to be found mainly in the hair 
thrown off, and in part, in the ordinary errors of analysis. 

We must conclude, therefore, that small repeated doses of anti- 
monious oxide are without influence on the excretion of nitrogen, 
sulphur and phosphorus, and that consequently this *compound, at 
least when taken in non-toxic doses, has no action on proteid meta- 
bolism. 



On Some Metallic Compounds of Albumin and Myosin. By 
R. H. Chittenden and Henry H. Whitehouse, Ph.B. 

Ever since Lieberkuhn, in 1852, attempted to establish the molecu- 
lar weight of albumin by preparing and analyzing the copper com- 
pound resulting from the action of a soluble copper salt on a solution 
of egg-albumin, various investigations have been published bearing 
on the nature and composition of the compounds of albumin with the 
heavy metals. Before this time even, P. Rose, in 1833, had published 
an analysis of a copper compound of albumin in which he had found 
from T50 to l'lO per cent, of cupric oxide, and Mitscherlich, in 1837, 
published an analysis of a similar albumin compound, in which he 
found from 2*8 to 3*3 per cent, of cupric oxide, while Lieberktihn's 
compound contained 4*6 percent. CuO. Compounds of albumin with 
other metals have also from time to time been prepared, such as zinc, 
lead, silver and mercury, and in one or two cases provisional formulae 
have been given. The results, however, are to be considered as 
quite uncertain. With platinum chloride a compound appears to 
have been formed* of somewhat more certain composition. Aside 
from the more recent experiments of Ritthausenf on the vegetable 
albumins (gluten -casein, legumin, etc.), egg-albumin has been the 
chief albuminous body experimented with, and copper the main 
metal. 

Recent work by one of us (C) on the albumose and globulose 
bodies, together with work on the products formed from casein and 
myosin, has led to a partial study of the metallic compounds of these 
bodies. As a preliminary, however, we found it necessary to study a 
few of the compounds of egg-albumin, and as the results thus obtained 
were not in accord with the more recent results of HarnackJ we have 
continued our work with egg-albumin and with myosin, the results 
of which we now present. 

**See Commaile, Moniteur Scientifique, 1866, and Fuchs, in Annalen der Chemie, 
vol. cli, p. 372. 

f Die Eiweisskorper der Getreidearten, etc. Journal fur prakt. Chera., vol. xii, p. 361. 

\ Unterauchungen uber die Kupferverbindungen des Albumins. Zeitschritt fur pby- 
siologische Cbemie, vol. v, p. 198. 
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I. Egg-albumin. 

(a) Copper Compounds. 

In looking over the literature of the subject, it becomes evident at 
once that the older investigators, owing either to the nature of the 
compound, to adherent impurities or to faulty methods, were not 
able to obtain concordant results, since the copper compound of egg- 
albumin, as prepared and analyzed by six distinct investigators, was 
found to contain from 1-50 to 5*19 per cent, of CuO. In all of these 
cases the preparation of the copper compound was essentially the 
same ; a solution of egg-albumin was precipitated with a solution of a 
copper salt, the precipitate collected, washed thoroughly with water, 
dried, and the copper determined by simple ignition. Naturally this 
method, as suggested by Harnack, might be expected to give too 
high results, since the copper precipitate would unquestionably re- 
tain considerable of the inorganic matter of the albumin. Treated in 
this manner, however, F. Rose,* as already stated, found the copper 
compound to contain from 1 '50 to 1 *69 per cent, of CuO. Mitscher- 
lich,f who held that the copper precipitate was a compound of egg- 
albumin with the copper salt, found in his preparations 2*8-3 '3 per cent. 
CuO, while Bielitzki,J who demonstrated that the precipitate was an 
actual compound of albumin with cupric oxide, found in his preparations 
4 #, 75-5;20 per cent, of CuO. Lassaigne, as quoted by Harnack, found 
4*95 per cent, of CuO, Mulder§ 4*44 per cent., while Lieberkuhn'sH 
preparation contained 4 # 6 per cent, of CuO. Further, Ritthausen's 
copper compounds of the vegetable albumins were found to contain 
from 11*5 to 17*0 per cent, of CuO. These results collectively, would 
therefore seem to indicate that when egg-albumin is precipitated by 
a soluble copper salt, the resulting compound does not contain a defi- 
nite proportion of albumin and cupric oxide, or else that there are a 
large number of albumin-copper compounds. More recently, how- 
ever, E. Harnack,lf from analysis of fifteen separate preparations, 
comes to the conclusion that there are two distinct compounds of 
albumin with copper; one containing 1*35 per cent, of Cu, the other 
2 '64 per cent, of Cu, indicating as Harnack suggests, a copper albu- 
minate in the first case of the formula C aM H M0 N M O ee S a Cu, in which Cu 
replaces two atoms of hydrogen in the albumin molecule, and in the 
second case, an albuminate of the formula C 304 H 818 N M O flfl S,Cu 9 , in 



* Poggendorff's Annalen, vol. xxviii, 1833. f Muller's Archiv. for 1837, p. 91. 
% Dissertation, Dorpat, 1853. § Physiologische Chemie, 1844-51. 

|| Poggendorff's Annalen, vol. lxxxvi, 1852. ^f Loc. cit. 
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which two atoms of Cu replace four of hydrogen. The results ob- 
tained by this investigator would certainly seem to warrant this con- 
clusion, for the analytical data of the different preparations show but 
slight variations; 1*84-1*37 per cent, in the one case, and 2-48-2-74 
per cent, in the other. Further, Harnack worked with nearly ash-free 
preparations, the compounds after their first precipitation and wash- 
ing being dissolved in sodium carbonate and reprecipitated by care- 
ful addition of acid. By repeating this process several times, the ash 
of the preparation was almost entirely removed, while the relative 
proportion of copper and albumin was not affected. As to the condi- 
tions which determine the formation of one or the other compound, 
there seems to be little definite other than that in general, the com- 
pound with smaller content of copper was obtained when the precipi- 
tation took place in the presence of a slight excess of albumin, and 
the compound with larger content of copper when iu the presence of 
an excess of the copper salt. In no case were the copper salt and albu- 
min solutions mixed in definite proportions, yet in every case one of 
the two compounds was formed ; further, Harnack states that when 
an amount of copper salt exactly sufficient to form the albuminate 
is added to a given quantity of albumin, no precipitate results ; in ' 
other words an excess of the copper salt is necessary to insure a 
separation of the compound. 

Harnack's results, therefore, differ from those of the preceding in- 
vestigators in that definite compounds appear to have been formed in 
every case, and further, in that the compounds contain a lower per- 
centage of copper than found by any other investigators aside from 
F. Rose. This latter, it will be remembered, found 1*50-1 *69 per 
cent of CuO ; 1*69 per cent, being equal to 1*34 per cent, of Cu, one of 
the percentages found by Harnack. Harnack further states that the 
average of the analyses made by other investigators, aside from Rose, 
show about 4*4 per cent, of CuO, and assuming that the various prep- 
arations contained an amount of ash equivalent to about 1 per cent, 
(which amount Harnack found in his preparations before purification) 
the percentage amount of cupric oxide would be reduced to about 3*4 
=2*7 per cent. Cu, or the amount found by Harnack in his highest cop- 
per compound. But as Rose's preparation was made by the simple ad- 
dition of an aqueous solution of egg-albumin to the copper salt and the 
copper determined as oxide by simple ignition, it would seem neces- 
sary to make the same deduction of 1 per cent, also in this case, 
which would make Rose's compound contain far less CuO than found 
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by Hamack. Further, Rose* found that the serum of ox blood 
yielded a similar compound with cupric sulphate, which contained 
only 1*14 per cent, of CuO or 0*88 per cent, of Cu. Hence there 
would seem to be little in these earlier investigations to substantiate 
the results obtained by Harnack. Morner,f however, working with 
alkali-albuminate, found that on precipitating a solution of alkali-al- 
buminate with cupric sulphate, in the presence of an excess of alkali, 
he obtained a copper albuminate containing a percentage of cupric 
oxide corresponding closely with that found by Lieberkfibn. When, 
on the other hand, he precipitated a nearly neutral solution of alkali- 
albuminate with cupric sulphate, then the percentage of copper in the 
copper albuminate amounted to only one-third that found by Lieber- 
ktihn, or an amount about equivalent to that found by Harnack in his 
lowest copper compounds. Morner further found that by precipitat- 
ing a calcium albuminate solution with cupric chloride, the albumin- 
ate combined on an average with 2-33 per cent, of CuO, or just one- 
half the amount required by Lieberktthn's formula, and considerably 
less than the amount contained in Harnack's largest copper com- 
pounds. 

Preparation of the albumin solution. — In our experiments it was 
thought best, as far as possible, to avoid exposing the albuminate to 
the action of alkalies, hence especial care was taken to prepare 
the egg-albumin as free from salts as possible, so that it would not 
be necessary to purify the albuminate by reprecipitation. The whites 
of a large number of eggs were finely divided by scissors and by 
shaking with glass, then mixed with an equal volume of water and 
thoroughly shaken with air, after which the solution was strained 
through cloth. Globulin was then precipitated by the addition 
of dilute acetic acid (the acid added as long as a precipitate 
formed), the solution finally filtered through paper, after which the 
filtrate was made exactly neutral with sodium carbonate and again 
filtered. The fluid so obtained was then dialyzed in running water 
for many days, a little thymol being added to prevent putrifaction. 
The fluid finally obtained was perfectly neutral, clear and contained 
but a small amount of inorganic salts. 

In forming the albuminate we employed both cupric acetate and 
cupric sulphate, using in each case the same volume of albumin solu- 
tion, but varying the amount of copper salt. The copper salt was 
generally added as long as a precipitate formed. The albumin- 

* Loc. cit., p. 139. f Jahresbericht fur Thierchemie, 1877, p. 8. 
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ate was washed on a pump with water, until no reaction could be 
obtained with potassium ferrocyanide for copper or with acetic acid 
and potassium ferrocyanide for albumin. The preparations were 
dried at 100° G, then powdered and further dried at 110° G, until of 
constant weight. The percentage of copper was first determined by 
simple ignition and weighing as cupric oxide. The oxide was then 
dissolved in dilute nitric acid, the copper precipitated as sulphide with 
hydrogen sulphide and weighed as subsulphide by ignition in hydro- 
gen gas with a little sulphur. Each series was made from a distinct 
preparation of albumin and nearly every compound made, was 
analyzed in duplicate. 

Following are the analytical results : 

Series I. 
With CuS0 4 . 

No. Am't sub. taken. Wt. CuO. Per cent. Ou. Wt. Cu a S. Per cent. Cu. 
la 0-5621 gram. 0*0081 gram. 1-18 00070 gram. 097 

b 0-5176 0-0078 1-19 0-0065 0-98 

With Cu(C a H,O a ) a . 



2a 


0-5479 


0-0088 1-27 


m — — to 


■- » — ■> 


b 


0-5703 


0-0091 1-26 

Series II. 
With CuS0 4 . 


0-0078 


1-08 


la 


0-5278 gram. 


0.0067 gram. 1-00 


0-0058 gram. 


0-79 


b 


0-7075 


00088 0-93 


0-0068 


0-76 



With Cu(C a H.0 3 ) a . 

2a 0-5697 0-0081 1-12 0-0071 0-98 

b 0-5005 0-0073 1-15 0*0061 0*95 

Series III. 

With CuS0 4 . 

la 0-6285 gram. 0-0085 gram. 1-07 . 

b 0-6705 0-0091 1-07 0-0088 gram. 1.04 

With Cu(C 9 H,0 9 ) 9 . , 

2a 0-8802 0*0130 1-24 

b 0-9400 0-0151 1-27 

Trans. Conn. Aoad., Vol. VII. 39 Nov., 1886. 
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Series IV. 












With Ci 


oS0 4 . 








No. 


Amt. sub. taken. 


Wt. CuO. Per cent. Cu. 


Wt. Cu 9 S. 


Per cent. Cu 


la 


0-3621 gram. 


0-0047 gram. 


102 


Q-0038 gram. 


0-82 


b 


0-3478 


0-0046 


103 


0-0039 




0-89 


2a 


0-4318 


0-0060 


1-08 


0-0040 




0-71 


b 


0-3288 


0-0047 


1-12 


0-0033 




0-78 


8a 


0-4083 


0-0060 


1-15 


0-0047 




0-90 


b 


0-4332 


0-0064 


1-17 


00053 




0-96 


4a 


0-3374 


0-0047 


1-09 


0-0042 




0-97 


b 


0-4289 


0-0062 


1-14 


0-0050 




0-90 



With Cn(C,H s O,),. 



5a 


0-6358 


0-0090 


1-11 


0-0073 


0-91 


b 


0-5147 


0-0071 


1-08 


0-0064 


0-99 


6a 


0-5321 


0-0075 


1-12 


0-0065 


0-95 


b 


0-5125 


0-0073 


1-18 








7a 


0-7260 


0-0125 


1-36 


— — — • 


_ _ _ • 


b 


0-6916 


0-0120 


1-37 

Series V. 
With CuSO,. 


0-0100 


1-15 



la 0-4838 gram. 0-0083 gram. 1*86 0-0074 gram. 1-21 

6 0-5083 0-0091 1*41 

With Cu(C a H,O a ) a . 

2a 0-5044 0-0085 1*32 

b 0-5042 0-0084 1-82 

From the analyses of these 15 preparations it is to be seen that the 
percentage amount of metallic copper, determined as oxide by simple 
ignition, amounts on an average to 1-17 per cent. When, however, 
the copper is determined as subsulphide, by precipitation with hydro- 
gen sulphide, and thus obtained free from ash, the percentage amount 
of copper falls on an average to 0*94 per cent. Cu. The preparations 
thus contain 0-23 per cent, of ash. We were not able to obtain 
any copper compounds with a much smaller content of ash than this, 
except by the use of methods which appear to affect the composition 
of the compound. 
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Harnack states* that be was able to obtain the copper albuminate 
quite free from ash by dissolving the freshly precipitated albuminate, 
after it had been thoroughly washed, in sodium carbonate, filtering 
and reprecipitating the compound by careful addition of acid. By 
repeating this process several times the adhering inorganic matter 
was entirely removed. It seemed questionable, however, whether 
this treatment might not induce some alteration in the compound. 

The two following series of experiments were tried with the inten- 
tion of throwing some light upon this point. 







Series VL 










With CuS0 4 . 






No. 


Am't sub. taken. 


Wt. CuO. 


Per cent. Cu. 


Wt. Cu a S. Per cent. Cu. 


la 


0-6320 gram. 


0-0091 gram. 115 


0-0080 gram. 


0-99 


b 


0-6980 


0-0099 


118 . 


0-0086 


0-98 


2a 


0-5428 


0-0077 


1-12 


0-0070 


1-01 


b 


0-5121 


0-0077 


119 


0-0061 


0-95 


3 


0-3146 


0-0080 
With 


2-03 
Cu(C a H 8 9 ) a . 


0-0068 


1-71 


4a 


0-6105 


0-0085 


1-11 


0-0075 


0-96 


b 


0-5836 


0-0078 


1-06 


0-0072 


0-99 


5a 


0-5996 


0-0087 


115 


0-0081 


1-06 


b 


Q-5592 


0-0082 


1-16 


0-0069 


0-99 


6 


0-4139 


0-0131 


2-51 


00115 


2.19 



In this series of experiments all of the preparations, as before, were 
made from the purified albumin. Nos. 1, 2, 4 and 5 were, after pre- 
cipitation, simply washed with water until the washings gave no reac- 
tion either for copper or albumin. No. 3, after being washed in a 
similar manner, was dissolved in very dilute sodium carbonate and re- 
precipitated by neutralization with dilute hydrochloric acid. No. 6 
was dissolved up twice in this manner and both preparations were 
finally washed free from chlorine. A glance at the analyses shows 
plainly that this treatment has tended to increase the percentage 
amount of copper in the albuminate ; due, doubtless, either to with- 
drawal of a portion of the albumin by the sodium carbonate, or else 
to a partial dissociation of the compound by the long continued wash- 
ing with water. 

The first reprecipitation has apparently increased the amount of 
copper in the compound fully 0*7 per cent., the second reprecipita- 
tion 0-5 per cent. more. 

* Loc. cit., p. 202. 



102 Chittenden and Whitehouse — Metallic 







Series VII. 










With CuS0 4 . 






tfo. 


Am't sub. taken. 


Wt. OuO. 


Per cent. Ou. 


Wt. Cu,S. Per cent. 


la 


0-6326 gram. 


0*0091 gram. 


1*13 







b 


0-6166 


0-0086 




1*10 


__ _ _ 





2a 


0-4054 


0*0081 




1*60 


0*0068 gram. 


1*28 


b 


0*4995 


0*0099 




1*58 


0*0074 


1*19 


3a 


0-8870 


0*0068 




1*89 


00049 


1*02 


b 


0-8702 


0*0066 
With 


Cu(C 


1*40 
! ,H,O a ) a . 






4a 


0-6175 


0*0085 




1*08 


0*0074 


0*95 


b 


0-6069 


0-0082 




1*07 


0*0077 


1*00 


5a 


0-3282 


0*0072 




1*78 


0*0055 


1*34 


b 


0-3755 


0*0088 




1*75 








6a 


0-7503 


00182 




1*89 


0*0104 


1*10 


b 


0-7016 


0*0121 




1*38 







This series was prepared in the same manner as the preceding. 
Nos. 1, 3, 4 and 6 were simply washed with water, while No. 2 was 
reprecipitated once and No. 5 twice, and both ultimately washed free 
from all soluble matters. The results show here the same increased 
percentage of copper, although not so marked as in the preceding 
series, when the albuminate is dissolved in sodium carbonate and 
reprecipitated. Further, the percentage of ash is not, as a rule, 
materially changed by this process ; thus in No. 2, where the albu- 
minate was reprecipitated once, the difference in the percentage of 
copper as determined by simple ignition and by precipitation as 
sulphide, amounts to 0*37 per cent., while in No. 3a, where the 
compound was not reprecipited at all, the difference is exactly the 
same. 

In precipitating the albuminate, there is formed in the fluid a 
small amount of either sulphuric or acetic acid. Harnack, to avoid 
this, states that it is better, after adding the necessary amount of cupric 
sulphate to the albumin solution, to exactly neutralize the mixture with 
sodium carbonate. If, however, the greatest care is not exercised and 
excess of cupric sulphate avoided, even partial neutralization of the fluid 
will result in the precipitation of a portion of the copper and thus 
show an apparent increase in the copper of the albuminate. So far, 
however, as our results show, the small amount of sulphuric acid libera- 
ted in the formation of the albuminate does not affect the character 
of the compound. In the following series, after each precipitation, 
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the mixture was made as near neutral as possible with dilate sodium 
carbonate and the compounds then filtered and washed thoroughly 
with water. The copper in this series was determined simply by 
ignition. 

Sbbibs VIII. 







With CuS0 4 . 




No. 


Am't sub. taken. 


Wt. CuO. 


Per cent. Cu. 


la 


0-4278 | 


gram. 


0.0068 gram. 


1-26 


b 


0-8867 




0-0063 


1-29 


2a 


0-3167 




0-0049 


1-23 


b 


0*8585 




0-0052 


1-18 


3a 


0-2418 




0-0080 


1-00 


b 


0-3079 




00039 


100 


4a 


0-6210 




0-0138 


1-78 


b 


0-7091 




0-0158 


. 1-78 



The results plainly show no appreciable difference in the composi- 
tion of the albuminate under this change in the conditions, unless in 
No. 4 where a larger amount of copper is found than usual. It is our 
opinion, however, that the small amount of acid liberated by the re- 
action is not sufficient to cause any especial change in the character 
of the albuminate ; neither, probably, does very dilute sodium carbon- 
ate in itself change the substance to such an extent that on neutrali- 
zation it is not precipitated in nearly its original form, or at least that 
the action in this case is not any greater than that produced by water 
alone. In fact we are much inclined to the view that the long continued 
action of water will gradually but surely affect the composition of the 
albuminate, and that doubtless the change in the composition of the 
compound noticed in our experiments on solution of the substance in 
sodium carbonate and reprecipitation is due to the combined action 
of the alkaline fluid and of water. Harnack states that week-long 
treatment of the freshly precipitated albuminate with water will 
gradually cause dissociation of the compound, but that it can be easily 
and thoroughly washed without any decomposition whatever. 

Our experience, however, leads us to question the correctness of 
this view. Ordinarily, it has taken us an entire day to completely 
wash the freshly precipitated albuminate, so that the wash-water 
should give no reaction whatever for copper or albumin. In precipi- 
tating the albumin solution with cupric sulphate, the albumin never 
appears to be completely precipitated and at the same time, as Har- 
nack has observed, it is necessary to add more than the proportional 
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amount of copper salt to obtain any separation of the albuminate. 
As a result, the filtrate contains considerable albumin and copper, but 
even after several hours washing on the pump (the filtration is slow 
at the best) the precipitate still gives up traces of albumin, as shown 
by acetic acid and potassium ferrocyanide, long after all traces of 
copper have disappeared. It is not impossible to wash the compound 
and reach a point where the wash-water contains neither copper nor 
albumin, but when the washing goes on slowly and the water remains 
more or less in contact with the albuminate for 24 hours, then fre- 
quently the washings will show traces of albumin continuously, with- 
out our being able to reach a point where the test fails to give any 
reaction whatever, or to show any special change in the intensity of 
the reaction. 

The following series of experiments would appear to substantiate 
this view. The first six were washed for about twelve hours, when 
no copper reaction could be obtained in the washings and only the 
slightest reactiou for albumin. The last six were washed for sixteen 
hours, and finally stood over night on wet filters with more or less 
water on them. At the end of this time, the washings continued to 
show a reaction for albumin with acetic acid and potassium ferro- 
cyanide, and indeed the reaction appeared to increase rather than 
diminish in intensity on further washing. The washings contained 
no copper. 

Following are the results of the analyses : 



Series IX.— With CuSG 4 . 



No. 


Amt. sub. taken. 


1 


0-4207 gram. 


2 


0-4676 


3 


0-4881 


4 


0-3162 


5 


0-2882 


6 


0-1857 


7 


0-2892 


8 


0-4137 


9 


0-4077 



Wt. CuO. 


Per cent. Cu 


0-0052 gram. 


099 


0-0058 


0-98 


00062 


1-00 


00037 


0-91 


0-0032 


0-89 


0-0024 


1-02 


00050 


1-34 


0-0060 


1.13 


0-0060 


1.18 



With Cu(C,H,OJ,. 



10 


0-6067 


0-0126 


11 


0-6889 


0-0111 


12 


0-7126 


0-0109 



1-64 
1-27 
1-22 



i 

I 
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While the difference is not very great, it is a constant difference, 
and it is to be remembered that the last six compounds differ in no 
respects whatever from the first six, except in being subjected to the 
longer action of water. 

In comparing now these different results, it is seen that we have 
not been able to obtain a copper albuminate with a higher content 
of Cu than 2*19 per cent., and this only as a result of two reprecipi- 
tations ; a condition, which, from our experience, tends to alter mate- 
rially the composition of the original precipitate. The average of 
the results obtained by simple precipitation, show a content of 0-94 
per cent, of Cu. A study of the individual results, however, shows 
too great a variation to believe wholly in the existence of a single, 
stable copper albuminate. Either there are one or two definite com- 
pounds, which, being more or less unstable, are prone to change under 
varying conditions and thus give rise to the variations in the content 
of copper noticed, or else there are a number of definite compounds 
liable to be formed as the conditions are varied, all of which, how- 
ever, must be more or less unstable. Glancing over the individual 
results, it is plain that an amount of Cu approximating to 0*96 per 
cent, is found altogether too frequently to be the result of chance. 
Doubtless this figure represents most closely the content of copper in 
the ordinary copper albuminate obtained by simple precipitation, 
while the majority of the variations from this figure are due mainly 
to dissociation. 

Taking Lieberktlhn's formula of albumin, the following copper 
albuminates would be possible : 

(CT a Hi ia Ni 8 SOaa)8 + Cu-Ha=l-29 per cent. Cu. 
(C, a H lia Ni 8 SO aa ) 4 + Cu-H 9 =0-96 

(C 7a H lia N 18 SO aa )6 + Cu-H a =0-77 

For the first, in which Lieberktlhn's formula for albumin is treb- 
led, the percentage of copper corresponds nearly to the lowest results 
obtained by Harnack, while in the second formula the percentage of 
copper accords closely with the average of our results. Whether 
the weight of the albumin molecule is represented more nearly 
by the second formula than by the first we have not sufficient data to 
determine, but certainly our results with the copper albuminate show 
a lower percentage of copper than would correspond with the first 
formula. Further, it would appear that the copper albuminates are 
readily prone to change under slight provocation and that this point, 
in part, undoubtedly explains the reason for the great variation in 
the results obtained by so many workers. 



U it << 
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(b) Lead Compounds. 

Lieberktihn* states that the lead salt of albumin cannot be obtained 
pure ; that the insoluable precipitate formed by the addition of either 
lead nitrate or basic lead acetate to a solution of albumin, is simply a 
mixture. With basic lead acetate, Lieberktihn obtained a precipitate 
containing 17*86 per cent, of lead oxide, while the precipitate formed 
with lead nitrate contained 12 '7 8 per cent, of lead oxide. 

With protein, Mulderf obtained precipitates on the addition of 
neutral lead acetate and lead nitrate, which contained respectively 
12*45 and 12.68 per cent, of lead oxide, while basic lead acetate gave 
a precipitate containing 30*63 per cent, of lead oxide. BerzeliusJ 
states that neutral lead acetate precipitates both albumin and blood 
serum, but that the greater portion of the albumin remains dissolved 
in the fluid united with acetic acid. Basic lead acetate on the other 
hand precipitates the albumin completely. 

These last statements accord with our own results ; with a neutral 
lead salt only a small precipitate was obtained, the compound being 
soluble apparently in both excess of the lead salt and of albumin, 
while with basic lead acetate the albumin seemed completely precipi- 
tated. 

Further, Berzelius|| states, on the authority of Mulder, that if a 
solution of potassium albuminate be made as neutral as possible with 
acetic acid and then precipitated with lead nitrate, the lead albu- 
minate so obtained contains on thorough drying 5*84 per cent, of 
lead oxide. 

Following are some of the results of our analyses. The compounds 
were made from thoroughly dialyzed albumin and were washed free 
from both lead and any excess of albumin. The preparations were 
dried at 110° C. until of constant weight and the lead was deter- 
mined first by simple ignition, with addition of a little ammonium 
nitrate. The lead oxide, alter being weighed, was then dissolved in 
dilute nitric acid, the solution evaporated to a small volume, the lead 
precipitated with a little sulphuric acid, two volumes of alcohol added, 
and the lead sulphate finally filtered and washed with 95 per cent, 
alcohol. The sulphate was then ignited with proper precautions and 
from the weight obtained, the percentage of lead again calculated. 



* Poggendorif 8 Annalen, Band lxxxvi, p. 1 24. 

f Lehrbuch der Chemie, Berzelius, ix, p. 29. } Lehrbuch der Chemie, ix, p. 43. 

I Lehrbuch, ix, p. 49. 
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Series I. 
With neutral lead acetate. 

No. Amt. Sub. taken. Wt. PbO. Per cent. Pb. Wt. PbS0 4 . Per cent. Pb. 
la 0-4972 gram. 0-0188 gram. 3-49 0-0209 gram. 2-85 

b 0-8992 0-0150 3-48 0*0166 2-88 

Series II. 
With neutral lead acetate. 

la 0-5341 00183 316 00216 2*75 

b 0-5381 0-0198 3*40 0-0222 2*80 



With basic lead acetate. 



2a 


0-5882 


00460 7-30 


0-0580 


b 


0-5008 


00891 7-22 
Series III. 


0-0487 






• 

With neutral lead acetate 


• 


la 


0-8057 


0-0262 3-01 


0-0274 


b 


0-6522 


0-0211 2-98 
With basic lead acetate. 


0-0226 


2a 


0-7290 


00593 7-55 


0-0615 


b 


07630 


00631 7-66 


0-0609 



6-77 
6-62 



2-32 
2-36 



5-74 
5-45 



Series IV. 
With neutral lead acetate. 

la 0-4121 0-0152 8-42 0-0186 2*25 

b 0-4828 00176 3*37 00178 2-50 

With basic lead acetate. 

2a 0-7234 00651 8*34 

b 0-5365 00482 838 

Series V. 

With a large excess of basic lead acetute. 

la 0-6822 0-2119 28-81 

6 0-5429 0-1714 29*28 

2a 0-5836 0-1923 30-56 

b 0-5913 0-1960 30-76 

3a 0-5478 01896 32*11 - 

b 0*5427 0-1873 3202 

Trans. Conn. Acad., Vol. VII. 40 Nov., 1886. 
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These results plainly indicate that more than one compound of 
lead is formed, especially so with basic lead acetate, the composition 
being dependent in this case on the amount of lead salt added. With 
neutral lead acetate, the variations in composition are not so marked 
and as it is hardly possible to prepare a lead albuminate free from 
salts, or to eliminate them wholly in the calculations, it is question- 
able how far the results should be trusted, except in a general way. 

The formula (C 7a H lia N 18 SO aa ) 4 +Pb-H a would require 3*10 per 
cent. Pb, while (CJFI m N 18 SO aa ) 5 + Pb— H a would require 2-50 per 
cent. Pb. In the case of the albuminate formed with basic lead 
acetate, it is to be noticed that the compound made by the addition 
of a large excess of the lead salt, contains about five times as much 
lead as the ordinary basic lead compounds. 

(c) Iron Compounds. 

F. Rose* has made iron albuminate, both from egg-albumin and 
from the serum of ox-blood, by the simple addition of ferric chloride 
to the albumin solution. Two preparations made from egg-albumin 
yielded respectively 2*79 and 288 per cent, of ferric oxide. Rose 
found the albuminate, when freshly precipitated, easily soluble both 
in excess of ferric chloride and in excess of the albumin solution. 

Our preparations were made wholly from diaiyzed albumin, and 
when so prepared and thoroughly washed the compound was found 
almost wholly free from adhering salts, so much so that after a 
few trials we deemed it unnecessary to make the determinations 
of iron other than by simple ignition and weighing as ferric 
oxide. 

Following are some of our results : 







Series I. 










With Fe a Cl fl . 






No. 


Amt. sub. taken. 


Wt. Fe a O s . 


Per cent. Fe 9 O s . 


Per cent. Fe. 


la 


0-7033 gram. 


0094 gram, 


1-33 


0-92 


b 


0-6430 


0-0086 
Series II. 


1-33 


0-98 


la 


0-4683 


0-0052 


1-11 


0-76 


b 


0-3854 


0-0042 


1-08 


0-75 



* Poggendorffs Annalen, xxviii, p. 140, 1833. 
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Series III. 






No. 


Amt. sub. taken. 


Wt. Fe a O s . 


Per cent. Fe 9 O s . 


Per cent. 


la 


0-4710 


0-0071 


1-50 


1-04 


b 


0-5329 


0-0088 


1-55 


1-08 


2a 


0-7387 


0-0100 


1-36 


0-94 


b 


0-6355 


0-0087 
Series IV. 


1-86 


0-94 


la 


0-4862 


0-0068 


1-80 


0-90 


b 


0-5558 


0073 


1-81 


0-91 


2a 


0-5115 


0-0070 


1-36 


0-95 


b 


0-4954 


0-0066 


1-83 


0-92 


da 


0-4505 


0-0063 


1-89 


0-97 


b 


0-4610 


0-0066 


1-48 


0-99 


4a 


0-4817 


0-0071 


1-47 


1-01 


b 


0-4571 


0-0065 


1-44 


0-98 


5a 


0-4819 


0-0065 


1-34 


0-93 


b 


0-8846 


00051 


1-33 


0-93 


6a 


0-4086 


0-0059 


1-45 


1-00 


b 


0-3392 


0-0048 


1-41 


0-97 


7a 


0-3814 


0-0050 


1-32 


0-91 


b 


0-4107 


0-0058 


1-29 


0-90 


8a 


0-4452 


0-0058 


1-30 


0-91 


b 


0-4833 


0-0065 


1-34 


0-92 



These results show a fairly close agreement with one single excep- 
tion, in which case the percentage of iron is nearly 0*25 below the 
average. The average percentage, moreover, of ferric oxide is just 
about one-half that found by Rose. Further, the average percentage 
of iron (Fe) corresponds very closely with the average percentage of 
Cu in the copper albuminate. Eliminating one compound with only 
0*75 per cent, of iron, the average content is seen to be 0'95 per cent. 

(C7 a H lia N 18 SO«)4 + Fe-Hs=0-86 per cent. Fe. 
(CraHnaNji.SOa^s + Fe— H 3 =l-14 per cent. Fe. 

As the iron was determined by simple ignition it would be ex- 
pected that the amount found would exceed the theoretical amount 
somewhat; hence the first formula, assuming Lieberkuhn's formula 
to be correct, would be more closely in accord with our results. The 
results obtained indicate further, that the iron albuminate is a much 
more stable compound than the copper albuminate, less Jiable to 
change and less readily affected by water. 
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(d) Zinc Compounds. 

With zinc we made but a few experiments and those mainly to see 
whether the low percentage of iron found in the iron albuminate 
would be substantiated by a corresponding percentage of zinc in the 
zinc albuminate. Lieberkdhn has prepared and analyzed a zinc 
albuminate, made by the action # of zinc sulphate on a neutral solu- 
tion of alkali albuminate, and he found the compound to contain 4*66 
per cent, of zinc oxide. 

Our preparations were made by the action of a similar zinc salt on 
a solution of purified and dialyzed albumin. Following are the 
results obtained with two preparations made from two distinct lots 
of albumin : 



No. 


Amt. sub. taken. 


Wt. ZnO. 


Per cent. ZnO. 


Per cent. 


la 


0-2424 gram. 


0-0031 gram 


1-27 


0-98 


b 


0-2888 


0-0034 


1-21 


0-97 


2a 


0-2166 


0-0023 


106 


0-83 


b 


0-2854 


00025 


1-08 


0-86 



The average of these two results shows a composition proportional 
to that found in the case of the iron albuminate and suggests plainly 
that if we have to deal in these cases with a single albuminate of 
constant composition, the percentage amount of metal is much 
smaller than formerly was supposed. 

Further, the percentage of zinc found accords closely with the 
theoretical amount for a zinc albuminate formed on the type of the 
copper compound. 

(C 7 aHi ia N, 8 S0 9a ) 4 +Zn— H 9 =0-99 per cent. Zn. 

(e) Uranium Compounds. 

N. Kowalewsky* has recently called attention to the use of uranic 
or uranyl acetate as a reagent for albuminous matter, and has shown 
that it is not only a good precipitant of albumin at ordinary temper- 
atures, but also that it is an extremely delicate one. Further, 
Kowalewsky states that the uranyl-albumin compound on ignition 
leaves a dark, olive green ash, composed of the green uranoso-uranic 
oxide, U 8 8 . A determination of the amount of this ash in several 
preparations showed 12*09 to 134 per cent., presumably of TJ,0 8 . 



♦Essigsaures Uranoxyd, ein Reagens auf Albuminstoffe. Zeitschrift far Analy- 
tische Chemie, 1885, p. 551. 
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Oar preparations were made by adding uranyl nitrate to the pre- 
pared albumin solution and washing the precipitated albuminate 
until all excess of uranium was removed. The uranium in the dried 
preparation was determined as uranoso-uranic oxide (U 8 H ) by simple 
ignition. The results show a fairly close agreement, but they are 
undoubtedly somewhat too high, owing to a small amount of 
adherent ash. • 

With UO a (N0 8 ) a . 



No. 


Amt. sub. taken. 


wt. u 8 o 8 . 


Per cent. UsO B . 


Per cent V. 


la 


0-5980 gram. 


00324 gram 


5-41 


4-59 


b 


0-5193 


0-0281 


5-41 


4-59 


2a 


0-8219 


0-0428 


5-20 


4-41 


b 


0-8081 


00418 


5-17 


4-38 


3a 


0-4392 


0-0251 


5-71 


4-84 


b 


0-5330 


00303 


5-68 


4-81 


4a 


0-8183 


00427 


5-22 


4-43 


b 


0-7576 


00394 


5-20 


4-41 


5 


0-6985 


0-0367 


5-25 


4-46 


6a 


0-4269 


00247 


5-78 


4-90 


b 


0-5496 


0-0313 


5-70 


4-83 



These results plainly do not accord at all with Kowalewsky's. On 
the other hand they do agree fairly well with each other, and would 
seem to indicate a reasonably constant composition of the uranyl- 
albumin precipitate. 

The average of the results obtained, accords most closely with the 
formula 

(CTaHinNigSOa^s+U — He 

which requires 4*73 per cent. IT. 

(f ) Mercury compounds. 

Bv the addition of an excess of mercuric chloride solution to 
an aqueous solution of egg-albumin, an albuminate of mercury is 
formed, insoluble in excess of the mercury salt. The compound can 
be easily filtered and admits of thorough washing with water. Rose 
first proved that the precipitate formed as above, is a compound of 
mercury with albumin, instead of a compound of the mercury salt 
with albumin as supposed by Bostock and Orfila. 

We have made a few preparations of the albuminate by adding a 
moderately strong aqueous solution of mercuric chloride to portions 
of the dialyzed albumin solution and washing the precipitates 
thoroughly with water. The mercury in the albuminate was deter- 



Wt Hg. 


Per cent. Hg. 


0*0226 gram. 


2-80 


0-0274 


3-13 


0-0215 


2-82 


0-0201 


2-73 


0-0150 


2-96 


0-0167 


2-66 


0-0300 


3-28 


0-0270 


3-17 


0-0218 


2-56 


0-0237 


275 


0-0284 


2-93 
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mined by ignition in a combustion tube with quick lime, with a pos- 
terior layer of calcium carbonate and sodium bicarbonate.* 

The mercury distilled, was collected in water and after thorough 
washing with alcohol to remove hydrocarbons, etc., was dried and 
weighed. 

Following are the results of our analyses of the several prepara- 
tions made. 

No. Amt. Sub. taken. 

la 0-8050 gram. 

b 0-8732 

2a 0-7637 

b 0-7357 

3a 0-5088 

b 0-6261 

4a 0-9152 

b 0-8503 

5a 0-8492 

b 0-8610 

6a 0-9674 

The average content of mercury is 2*89 per cent. The theoretical 
amount for (C„H ll9 N 18 S0 9a ) 4 + Hg— H 9 is 3-00 per cent. 

(g) Silver compounds. 

Silver nitrate is a well known precipitant of albumin, and Lieber- 
ktlhn,f many years ago, assigned to silver albuminate a definite 
formula, calling for 6*67 per cent, of silver oxide. The preparation 
made by him from egg-albumin was found to contain 6*55 per cent, 
of silver oxide = to 6*27 per cent, of Ag. Mulder,! likewise, work- 
ing with alkali-albuminate, found that by neutralizing the solution 
as nearly as possible with acetic acid, and then precipitating with 
silver nitrate, the silver albuminate so prepared contained 6 # 14 per 
cent, of silver oxide. 

♦Fuchsg, using ordinary egg-albumin instead of alkali-albuminate, 
found only half as much silver (3*28 per cent. Ag), while O. Loew,|| 
working with purified egg-albumin, found still smaller percentages 
of silver in the albuminate made by him. Using an albumin 

* See Fresenius, Quantitative Chemical Analysis. 

t PoggendorfFs Anualen, 1852, vol. clxii, p. 123. 

J See Berzelius' Lehrbuch der Chemie, vol. ix, p. 49. 

§ Annalen d. chem. u. Pharm., Band cli, p. 372. 

| Pfluger's Archiv fiir Physiologic, Band xxxi, p. 393 ; Ueber Eiweiss und Pepton. 
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solution purified simply by three days' dialysis, Loew found that a 
1 per cent, solution of silver nitrate gave no precipitate whatever 
in a 5 per cent, solution of albumin. On adding a little dilute 
sulphuric acid to the albumin solution, however, and then pouring 
the mixture into the silver solution a precipitate was obtained, 
which on thorough washing and drying was found to contain 2*17 
per cent, of Ag; while a second preparation made by using a little 
less sulphuric acid contained 2*40 per cent, of Ag. By precipitat- 
ing the albumin solution directly with a 5 per cent, solution of silver 
nitrate, without the addition of any acid, the albuminate was found 
to contain in one case 439 per cent. Ag, in a second case 3*91 
per cent. Ag. Dissolving the freshly precipitated albuminate formed 
in this manner, in dilute ammonia and then reprecipitating it by the 
addition of dilute sulphuric acid to slight acid reaction, the albumin- 
ate was found to contain 4*64 per cent, of Ag. 

Loew sees in these results a confirmation of Harnack's views as to 
the copper albuminates, and an assurance that the molecular weight of 
albumin corresponds to Lieberkdhn's formula three times enlarged. 

Using an albumin solution purified as in our previous experiments 
and adding to it a 10 per cent, solution of silver nitrate as long as a 
precipitate was formed, four distinct series of albuminates were made* 
representing four distinct preparations of egg-albumin. These were 
all washed free from silver and also from any adhering albumin, dried 
at 110° C. until of constant weight and the silver determined by 
simple ignition. 

Series I. 



No. 
la 
b 


Amt. Sub. taken. Wt. Ag. 
0-5900 gram. 00242 gram. 
0-5625 0-0230 


Per cent Ag. 
4-10 
4-08 


2a 
b 


0-5760 

0-7548 


0-0230 
0-0305 


4-11 
4-04 


3a 
b 


0-9005 
0-7973 


Q-0362 
00325 


4-02 
4-07 


f 




Series II. 


• 


la 
b 


0-5859 
0-6967 


00245 
00290 


4-18 
416 


2a 
b 


0-9473 
0-6621 


0-0385 
0-0270 


4-06 
4-07 


3a 
b 


0-6455 
0-7000 


0-0266 
0-0285 


412 

4-07 



* The silver compounds were all made and analyzed by Mr. T. S. Bronson of this 
laboratory. 
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Series III. 




la 


0-5860 




0*0239 


4-07 


b 


0-6949 




00284 


4-08 


2a 


0-7090 




00290 


409 


b 


0-9053 




0-0374 


413 


da 


0-5980 




00247 


413 


b 


0-8000 


Series 


00328 
IV. 


4-10 


la 


0-6217 




0-0300 


4-88 


b 


0-6810 


• 


0-0331 


4*86 


2a 


0-5509 




00270 


4-90 


b 


0-5626 




0-0278 


4*86 


da 


0-6955 




0-0396 


5*69 


b 


0-7515 




0-0430 


5-72 



The figures show a far smaller content of silver in all of the prep- 
arations than found by Lieberktihn or Mulder. In three of the 
series, there is seen a constancy of composition which is quite notice- 
able and, further, a close agreement with the second result obtained 
by Loew on adding a 5 per cent, solution of silver nitrate to the 
albumin. In the last series, however, the percentage of silver is 
somewhat higher, possibly owing to incomplete dialysis of the 
chlorides and phosphates from the albumin solution. These figures, 
however, are not much higher than the highest figures obtained by 
Loew. 

A silver salt of albumin, of the composition (C ia H na N 18 SO aa ) 8 
+ Ag a — H a would contain 4*28 per cent, of Ag, and while our results 
certainly approximate to this figure, there is variation enough to 
indicate an equal possibility of a mixture of two or more com- 
pounds. With a molecule of the size of the albumin molecule, it is 
possible by doubling or otherwise, to obtain a formula corresponding 
to almost any percentage of metal found. And inasmuch as every 
variation* in the method of preparing the albuminate tends to alter 
its composition, it seems worse than useless at present, to lay much 
stress on the exact constitution of the silver albuminate. A large 
number of albuminates are of course possible, but until we know 
more definitely how to separate one from another, we have no guaran- 
tee of the simple nature of any one. 



* Loew states that he has prepared a silver albuminate containing 10*7 per cent. 
Ag, corresponding nearly to 6 atoms of silver, and that it is possible to prepare album- 
inates still richer in silver. 



0-94 per 


cent. 


Cu 


0-95 " 




Fe* 


0-91 " 




Zn 


2-56 " 




Pb 


4-60 " 




U 


4-09 " 


t 


Agf 


2-89 " 


u 


Hg 



ft 

it 
it 
it 
it 
it 



0-86 


1 Fe 


0-99 


Zn 


2-50 


Pb 


4-78 


U 


4-28 


Ag 


3-00 


Hg 
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Examining now, all of the results obtained, we find the following 
average composition of the albuminates studied : 

Copper compound, 

Iron compound, 

Zinc compound, 

Lead (neutral salt) compound, 

Uranyl compound, 

Silver compound, 

Mercury compound, 

Accepting Lieberktlhn's formula of albumin as correct, then the 
following formulae accord most closely with the above percentages. 

(C7aHiiaNi8SO M ) 4 + Cu— H fl requires 0*96 per cent. Cu 
(C 7a H, t,Ni .JBOtt ) 4 + Fe-Ha 

(CraHiiaNieSOaa^ + Zn — Ha 
(CHnaN^SOaaU + Pb-Ha 

(C, 8 H, , ,N, 8 SCMb + U-H e 
(C 7 aH, iaN 18 SOaa) 8 + Ag,-H> 
(C 7 aH„aN 18 SOaa)4 + Hg~Ha 

We do not, however, lay much stress upon the accuracy of these 
formula. The results obtained in our study of these metallic com- 
pounds do by chance accord with them, and inasmuch as Loew and 
Harnack are disposed to treble Lieberktihn's formula for albumin, on 
the basis of the composition of the copper and silver albuminates, 
made by them' respectively, we present our results as evidence that 
there are equally good grounds for quadrupling the above formula. 

We believe, however, that with the majority of these albuminates 
it is possible to form a large variety of compounds with the same 
metal, by simply modifying the conditions of precipitation. This is 
evidenced by Loew's results with silver albuminate' and our own 
with lead and copper, and since a great variety of compounds are 
possible, it is equally possible that in many cases we may have to do 
with mixtures of such compounds, which would account for the great 
variability in composition noticed in some of the albuminates and 
for the lack of agreement in the results obtained by different workers. 
Coupled with this, in some cases, is the undoubted tendency of the 
compounds to dissociation. 

II. Myosin. 

The myosin employed was prepared from ox flesh, by extraction 
with a 15 per cent, solution of ammonium chloride, after the tissue 

* Excepting one very low result. f Excepting the last series of compounds. 

Trans. Conn. Acad., Vol. VII. 41 Nov., 1886. 
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had been thoroughly freed from salts and soluble albumin by long 
continued extraction with water. The myosin was separated from the 
ammonium chloride solution by dialysis, being obtained in this man- 
ner as a semi-gelatinous mass, readily soluble in salt solutions. In 
order to form compounds with the various metals, it was found best 
to use a solution of myosin in 5 per cent, ammonium chloride, the 
metallic compound when formed being washed with water until the 
washings gave no reaction for chlorine with silver nitrate. The com- 
pounds were then dried, first at 100° C, then at 110° C, until of 
constant weight. Control experiments with the metallic salt and 
ammonium chloride alone, invariably failed to give any precipitate 
whatever. 

No systematic attempt has apparently been made to study any of 
the metallic compounds of myosin ; in fact, few statements are to be 
found regarding the existence of such compounds. Danilewsky* 
some time ago, showed that myosin would combine with free mineral 
acids, uniting with them so that with tropaeolin 00 no reaction for 
free acid could be obtained. With strong bases, however, according 
to Danilewsky, myosin does not probably combine, and the state- 
ment is further made that a small amount of calcium oxide ordinarily 
exists loosely combined with myosin, which calcium by coagulation 
of the myosin is liberated. Further, Danilewsky found that on 
adding platinum chloride in excess, to a dilute hydrochloric acid 
solution of myosin, a myosin-platinum chloride compound was pre- 
cipitated, which after washing with water and alcohol and then 
drying at 100-105° C, contained 9*46 per cent, of platinum aud 7*26 
per cent, of chlorine. With copper, iron and similar salts we have 
not been able to obtain any precipitate in a hydrochloric acid solu- 
tion of myosin. By adding, however, a solution of a metallic salt 
of such a nature that it does not react with ammonium chloride, 
to an ammonium chloride solution of myosin, a precipitate is pro- 
duced, which as our experiments show, is ordinarily a compound of 
myosin with the metal or metallic oxide. This Is readily seen 
by adding either zinc sulphate or ferric chloride to such a solution 
of myosin and then washing the precipitates with water, until the 
washings give no reaction for chlorine or for sulphuric acid. On 
now warming the iron precipitate with dilute nitric acid, a solu- 
tion will be obtained, giving a distinct iron reaction but no reaction 
with silver nitrate for chlorine. Similarly on warming the zinc pre- 



* Zeitschrift fur physiologische Cheraie, v, p. 160. 
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cipitate with hydrochloric acid, the solution gives no reaction for 
sulphuric acid with barium chloride. 

With cupric sulphate and cupric acetate the same is ordinarily 
true. It is possible, however, to prepare a myosin-copper compound 
in which cupric sulphate appears to unite directly with the myosin. 

(a.) Copper compounds. 

By adding either cupric sulphate or cupric acetate to a neutral 
ammonium chloride solution of myosin, a heavy greenish colored 
precipitate is obtained, which when freshly formed and after thor- 
ough washing with water, so that the washings are entirely free 
from chlorine and from copper, shows the following reactions. It is 
insoluble in moderately strong nitric, hydrochloric or sulphuric acid. 
The compound, however, is immediately broken up by the action of 
acids, the copper being completely removed, leaving the myosin as an 
insoluble residue having in the case of nitric acid a yellow color, and 
in the case of hydrochloric and sulphuric acids a white color. In acetic 
acid, the compound is more soluble, first, however, becoming semi- 
gelatinous. In ammonium hydroxide, the compound dissolves slowly 
or partially, taking on a blue color. In dilute sodium hydroxide, the 
compound swells up, takes on a purple color, but does not dissolve. 
In dilute sodium carbonate, the substance is likewise insoluble, but 
swells up and turns of a bluish color. 

Following are the results of the analyses of the various prepara- 
tions made. The compounds were in every case composed simply of 
the metallic oxide and myosin. Copper was determined, as in the case 
of the albumin compounds, by simple ignition and weighing as oxide. 
In order to ascertain how much ash was retained by the myosin 
compound, a few duplicate determinations of copper were made by 
dissolving the oxide after ignition, and precipitating the copper as 
sulphide and weighing as subsulphide, after ignition with a little 
pure sulphur in a current of hydrogen gas. 







Series 


I. 










With CuS0 4 . 






No. 
la 




Amt. Sub. 
taken. 

0-5426 gram. 

0-7176 


Wt. CuO. 
0074 gram. 
0-0097 


Per cent. 
Cu. 

1-08 

1-07 


Wt. Cu a S. 
0-0056 gram. 
0-0073 


Per cent, 
Cu. 

0-81 

0-80 


2a 
b 


0-6359 
0-5738 


0*0087 
0-0078 


1-08 
1-08 


0-0071 
0-0061 


0-88 
0-83 
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Amt. Sub. 




I 


Percent 


L 


Per cent. 


No. 


taken. 


Wt CuO. 


Cu. 


Wt. Cu 9 S. 


Cu. 


8a 


0*5428 gram. 


0-0072 


gram. 


1-05 


0-0051 gram. 


0-78 


b 


0-6241 


0-0082 




105 


0-0063 

» 


0-80 


4a 


0-5771 


0-0109 




1-50 






b 


0-4455 


0-0061 




1-48 






5 


8527 


00046 




1-02 






6a 


0-4401 


00062 




1-11 






b 


0-5708 


0-0082 




1-18 








* 


Ssbies IL 










With CuS0 4 . 






No. 


Amt. Sub. taken. 




WL CuO. 




Per cent. CuO. 


Per cent. Cu 


la 


0-7425 gram. 


► 


0*0059 gram. 


0*79 


0*63 


b 


0-7463 




0-0060 




0-81 


0-64 


2a 


0-7785 




0*0057 




0-78 


0*57 


b 


0-7767 




0*0056 




0-72 


0*58 


da 


0*5488 




0-0052 




0*94 


0*74 


b 


0-4886 




0-0041 




0*94 


0-73 


4a 


0-9477 




00085 




0*89 


0*74 


b 


0-8150 




0-0074 




0-91 


0-73 


• 




With Cu^H.OJ,. 






5a 


0-8522 




0*0188 




1-56 


1-24 


b 


0*8466 




0*0188 




1-62 


1-29 


6a 


0-6589 




00124 




1*88 


1-50 


6 


0*6572 




0-0128 




1*87 


1*50 


7a 


0-8678 




0-0156 




1*79 


1*42 


b 


0-7120 




00129 




1*81 


1*44 






Series III. 










With CuSG 4 . 






No. 


Amt. Sub. taken. 




Wt. CuO. 




Per cent. CuO. 


Per cent. Cu 


la 


0*7218 gram 


• 


00171 gram. 


2*87 


1-88 


b 


0-6584 




00161 




2*44 


1*94 


2a 


0-7564 




00168 




2*22 


1*77 


b 


0-6817 




0-0156 




2*29 


1*83 


8a 


0-7820 




0-0189 




2-41 


1*91 


b 


0-6218 




0*0154 




2*48 


1*97 


4a 


0-7137 




00144 




201 


1*61 


6 


0*5863 




00124 




211 


1-68 


6a 


0-7782 




0-0164 




212 


1-68 


b 


0-7407 




00161 




2*18 


1-74 


6a 


0-7447 


* 


00183 




2*45 


1-96 


6 


0-7429 




0*0188 




2*58 


201 



Compounds of Albumin and Myosin. lid 

With Cu(C,H,0,),. 



No. 


Amt Sub. taken. 


Wt CuO. 


Per cent. CuO. 


Per cent. 


la 


0*7360 gram. 


0*0161 gram. 


218 


1-78 


b 


0*7088 


0-0154 


2-17 


1-78 


8a 


0-778* 


0-0174 


2*24 


1-78 


b 


0-8111 


0-0181 


2-28 


1-77 


9a 


0-7376 


00169 


2*29 


1-81 


b 


0-6156 


0-0188 


2*24 


1-78 


10a 


0-7815 


0-0191 


2-44 


1-94 


b 


0-8774 


0*0218 


2-48 


1-98 


Ua 


0-8048 


0-0170 


211 


1-67 


b 


0-8308 


00174 


2-10 


1-67 


12a 


0-6780 


00150 


2-21 


1*75 


b 


0-7695 


0-0168 


218 


1-74 



Comparing these results with one another, there is to be seen a 
very noticeable lack of agreement in composition, and further it is 
to be seen that the myosin-copper compound has on an average a 
somewhat higher content of copper than the albumin-copper precipi- 
tate. The average composition of all the copper myosins shows about 
1*42 per cent, of Cu, and deducting 0*25 per cent, of ash, the average 
content of Cu would be 1*17 per cent. Examining the individual 
results, it is apparent that the compounds made from the same myosin 
solution are approximately, at least, the same in composition and 
without doubt the difference in the composition of compounds made 
from different myosin solutions is due to variation in the concentra- 
tion of, and possibly also in the reaction of, the myosin-containing 
fluid. It would appear as if variations in the conditions of precipita- 
tion made a greater difference in the case of the myosin-copper com- 
pounds than in the compounds of copper with albumin. Several 
times, also, we have found that our myosin-copper precipitate con- 
tained sulphuric acid, even after thorough washing and when the 
wash-water was proved to be entirely free from any reaction with 
barium chloride. 

One such compound, after drying at 110° C, was analyzed with 
the following results : 

0-7240 gram substance* gave 0-0848 gram BaSO« = 1*68 per cent. S0 8 . 
0*8420 gram substance gave 0*0881 gram BaS0 4 = 1-78 per cent. SO s . 
0*4705 gram substancef gave 0*0084 gram CuO = 1*78 per cent. CuO. 
0*6011 gram substance gave 0*0107 gram CuO = 1*78 per cent. CuO. 



* Roasted and then ignited with pure sodium carbonate, the residue dissolved in 
hot water acidified with hydrochloric acid and precipitated with barium chloride. 

f Ignited, the residue dissolved in nitric acid, precipitated with hydrogen sulphide, 
etc. 
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The molecular weight of Cut) and S0 8 being the same, it is evident 
that the two are present in just the proportion to form cupric sul- 
phate. 

b. Iron compounds. 

By adding a solution of ferric chloride to an ammonium chloride 
solution of myosin, a semi-gelatinous precipitate is formed of a red- 
dish yellow color, and consisting of a combination of myosin and 
oxide of iron. The compound when thoroughly washed contains no 
chlorine. When freshly precipitated, it is partially soluble in 
dilute ammonium hydroxide, as also in sodium hydroxide, the residue 
becoming gummy or gelatinous and brownish yellow in color. It 
swells up in sodium carbonate, but is insoluble. In nitric acid the 
compound turns yellow, but is wholly insoluble and does not swell 
up. In hydrochloric and also in sulphuric acid the compound is like- 
wise insoluble. In acetic acid, however, it is soluble completely, 
forming a semi-gelatinous fluid. In this, as in other metallic com- 
pounds of myosin, acids simply dissolve out the metal and then 
exert their usual action on the myosin. The various preparations, 
washed free from iron and chlorine, and dried at 110° C. were 
analyzed with the following results : 







Series I. 






No. 


Amt. Sub. taken. 


Wt. Fe a O,. 


Per cent. Fe 9 8 . 


Per cent. 


la 


0-7046 gram. 


0.0194 gram. 


2-76 


1-98 


a 


0-7021 


0-0198 


2-74 


1-92 


2a 


03762 


0-0128 


3-40 


2-38 


b 


0-8628 


0-0121 


8-38 


2-88 


8a 


0-5887 


0-0141 


2-42 


1-69 


b 


0-5618 


0-0187 


2-48 


1-70 


4a 


0*5488 


0-0177 


3-25 


2-26 


b 


0-6088 


00197 


3-24 


2-26 


5a 


0-4761 


0-0140 


2-95 


2-06 


b 


0-8881 


0-0100 


2-95 


2-07 


6a 


0-5101 


0-0173 


3-40 


2-87 


b 


0-5927 


0-0194 
Series II. 


3-28 


2-29 


1 


0-4847 


0-0188 


3-87 


2-70 


2 


0-8200 


0-0115 


8-59 


2-51 


3 


0-4118 


0-0153 


8-72 


2-59 


4 


0.5205 


0-0184 


8-53 


2-45 



Compounds of Albumin and Myosin. 121 



No. 


Amt. Sub. taken. 


Wt. Fe a 8 . 


Per cent. Fe a 8 . 


Per cent 


5a 


0*4551 gram. 


0-0167 gram. 


3-68 


2-57 


b 


0-3668 


00137 


8-73 


2-61 


6a 


0-8788 


0-0138 


3-64 


2-58 


b 


0-8675 


00181 


8-57 


250 


7a 


0-4284 


0-0148 


3-34 


2-83 


b 


0-4041 


00186 
Series III. 


3-87 


2-36 




With a large 


excess of ferric chloride. 




la 


0-4885 


00269 


6-18 


4-29 


b 


0-6939 


00436 


6-27 


4-38 



In none of these preparations was there any attempt made to add 
a definite amount of ferric chloride, but the iron salt was added until 
a good precipitate was obtained. Undoubtedly, the amount of iron 
salt added, modifies materially the composition of the compound. In 
series III it is seen that the content of iron is about double the aver- 
age amount contained in the other preparations. The average 
amount of iron (Fe) in the first two series of compounds is 2*29 per 
cent. 

c. Zinc compounds. 

With zinc sulphate, myosin is thrown down from its ammonium 
chloride solution as a heavy gelatinous precipitate. Like the iron 
compound it is partially soluble in sodium and ammonium hydroxides, 
swelling up to a gelatinous mass. It is insoluble in nitric, hydro- 
chloric and sulphuric acids, but is partially soluble in acetic* acid. In 
composition, it is seen to be very closely allied to the zinc albu- 
minate. Following are the results obtained by analysis of the dried 
compounds : 







Series I. 






No. 


Amt. Sub. taken. 


Wt. ZnO. 


Per cent. ZnO. 


Per cent. 


la 


0-6108 gram. 


0-0049 gram. 


0-81 


0-64 


b 


0-6619 


00055 


0-88 


0-66 


2a 


0-6611 


0*0047 


0-71 


057 


b 


0-8006 


00059 


0-78 


0-59 


8a 


0*4666 


0*0046 


0-99 


0-79 


b 


0-4494 


0*0044 


0-99 


0-79 


4a 


0-5936 


0-0048 


0-80 


0-64 


b 


0-6926 


0-0055 


0-79 


063 
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Series II. 






No. 


Amt. Sub. taken. 


Wt. ZnO. 


Per cent. ZnO. 


Per cent Zn 


la 


0*6258 gram. 


0*0051 gram. 


0*82 


0*65 


b 


0*6618 


0*0054 


0*81 


0*65 


2a 


0*5815 


0*0064 


1*21 


0*97 


b 


0*5485 


0*0065 


1-18 


94 


3a 


0*7925 


00064 


0-81 


0*65 


b 


0*6913 


0*0057 


0*83 


066 


4a 


0*4858 


0*0062 


1*27 


1*02 


b 


0*5318 


0-0066 


1*24 


0*99 


5a 


0*6635 


00056 


0*85 


0*68 


b 


0*6504 


0*0050 


0*76 


0*61 


6a 


0*6263 


0*0055 


0*87 


0*70 


b 


0-6639 


00059 


0*88 


0*71 



The average content of zinc (Zn) is 0*72 per cent. Unlike the iron 
and copper compounds, there is here less variation in the composition 
of the various preparations. 

d. Nickel and cobalt compounds. 

The extremely low percentage of zinc in the zinc-myosin com- 
pounds, as contrasted with the iron in the iron compounds, led us to 
make a nickel and cobalt preparation for the sake of comparison. 
The results, in both cases, accord more nearly with those of the iron 
compound, for although containing a higher percentage of metal 
than the latter, it was necessary to prepare them both under just 
such conditions as in the iron compound led to the highest percent- 
age of iron, viz: a large excess of the precipitant. Following are 
the analytical results obtained with both substances: 

With Ni (NO a ) 9 . 

No. Amt. Sub. taken. Wt. NiO a . Per cent. Ni0 9 . Per cent. Ni. 

la 0*6165 gram. 0045 gram. 7*29 4*71 

b 0*7016 00051 7*26 4*70 

With CO (NO a ) 2 . 



la 


0*6479 


0*0064 


9*95 


6*45 


b 


0*6696 


0-0065 


9*70 


6*28 


2a 


0*6451 


0*0056 


8*75 


5*67 


b 


0*6842 


0-0060 


8*84 


5*72 
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e. Uranium compounds. 

The addition of aranyl nitrate to an ammonium chloride solution 
of myosin produces a heavy gelatinous precipitate of a uranyl-myosin 
compound, which in solubility resembles the other myosin prep- 
arations. Washed free from excess of uranyl nitrate and from 
ammonium chloride and then dried at 110° G, the various prepara- 
tions yielded on analysis the following results, the uranium being 
determined by simple ignition and weighing as uranoso-uranic oxide : 







Series I. 






No. 


Amt. Sub taken. 


Wt. U.0 8 . 


Per cent. U*0 8 . 


Per cent U 


la 


0-6873 gram. 


0*0489 gram. 


7-67 


6*51 


b 


0*6886 


0-0526 


7-69 


6*58 


2a 


0-7081 


0-0592 


8*86 


7*09 


b 


0-7689 


0-0655 


8-51 


7*22 


8a 


0-6418 


0*0586 


913 


7*75 


b 


0-7809 


0*0715 


916 


7*78 


4a 


0-6621 


00541 


8-17 


6*93 


b 

« 


0-7465 


0-0608 


8-15 


6*91 


5a 


0-7525 


00663 


8-81 


7-48 


b 


0-6064 


0-0615 


8-88 


7-50 


6a 


0-7208 


0-0590 


8-18 


6-94 


b 


0-7439 


0-0607 


8-15 


691 


la 


0*6648 


00527 


7-92 


6-72 


b 


0-7101 


0-0565 
Series II. 


7-96 


6-76 


la 


0-8736 


0-0837 


958 


8-18 


b 


0-8570 


0-0820 


9*57 


8-12 


2a 


0-5857 


00593 


1012 


8*59 


b 


0-7088 


00715 


10-09 


8-56 


3a 


0-5715 


0*0568 


9-94 


8-44 


b 


0-6958 


0-0688 


9*89 


8-40 


4a 


0-6929 


0.0556 


8-02 


6-82 


b 


0-7667 


0-0615 


8-02 


6-82 


5a 


0-8081 


0-0874 


10-88 


9*23 


b 


0*8272 


0-0901 


10-89 


9-24 


6a 


0-7034 


0*0553 


7-86 


6-67 


b 


0-6810 


0-0540 


7*92 


6-72 



These results show a variation in the content of uranium, amount- 
ing to nearly 3 per cent. (6 , 51-9 , 24 per cent.) Further, a compari- 
Teans. Conn. Aoad., Vol. VII. 42 Nov., 1886. 
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son of the two series shows plainly that there is something in the 
nature of the second myosin solution, which tends to raise the content 
of uranium in the uranyl compounds ; probahly, the greater concen- 
tration or dilution of the solution. Evidently, then, the composition 
of the compound is, in part at least, determined by the conditions 
under which the uranyl salt and the myosin solution are brought 
together. The average arqount of uranium contained in the prepa- 
rations is 7*49 per cent. 

f. Mercury compounds. 

By adding a solution of mercuric chloride to an ammonium chlo- 
ride solution of myosin, a heavy gelatinous precipitate is formed 
which soon changes to a flocculent one. Freed from the excess of 
mercury salt and ammonium chloride, the compound is found to be 
entirely free from chlorine. The substance is somewhat soluble in 
sodium hydroxide, swelling up first and then gradually dissolving. 
Dried at 110° C. and then analyzed, the following results were ob- 
tained. The mercury was determined as already described under 
mercury albuminate. 







Series L 






No. 


Amt. Sub. taken. 


Wt. of Hg. 


Per cent. Hg 


la 


0-7609 gram. 


0-0166 gram. 


2-18 


b 


1-2911 




0-0268 


2-07 


2a 


1-2386 




0-0270 


2-17 


b 


0-9525 




0-0198 


2-07 


da 


1-1856 




0-0218 


1-84 


b 


0-9261 




0-0173 


1-86 


4a 


1-3504 




0-0257 


1-90 


b 


0-9332 


Series II. 


0-0178 


1-90 


1 


0-8917 




0-0241 


2-70 


2 


11196 




0-0310 


2-77 


3a 


0-9587 


j 


0-0271 


2-84 


b 


0-8813 




0-0259 


2-93 


4 


0-9209 


i 


0-0270 


2*93 


5 


0-8352 




0-0241 


2-89 


6 


0-8564 




0-0217 


2-53 


7a 


10696 




0-0844 


8-22 


b 


0-8550 




0-0264 


309 
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The average content of mercury (Hg) is 2*43 percent. The results 
of each series show a fairly close agreement, but the two series do not 
compare with each other at all. Thus* the average amount of mer- 
cury in the compounds of the first series is 1*99 per cent., while in 
the second series the average amount rises to 2-87 per cent. This is 
another good illustration of the irifluence of the strength of the solu- 
tion on the composition of the precipitate, and as in this case the 
presence of any ash could not interfere with the ultimate result, since 
the mercury was separated by distillation, it follows that the appar- 
ently higher content of mercury in the second series must be due to 
combination of the myosin with a larger amount of the metal. Fur- 
ther, it has been claimed* that in the case of the silver albuminate, 
it is possible under certain circumstances for the albuminate, when 
formed in a concentrated solution, to inclose a variable amount of 
albumin mechanically, and thus the apparent percentage of silver in 
the albuminate be reduced. If such was true of the myosin-mercury 
compounds, a far greater variation would be expected in the per- 
centage of mercury in the different preparations of the same series. 

The following table of comparisons shows the average content of 
metal in the albuminates formed from the two kinds ot proteid 
matter. 





Egg-albumin. 


Myosin. 


Copper compound, 


0*94 per 


cent. Cu 


1*17 per cent. Cu 


Iron " 


0-95 


Fe 


2-29 Fe 


Zinc " 


0-91 


Zn 


0-72 Zn 


Uranyl " 


4-60 


U 


7-49 U 


Mercury " 


2-89 


Hg 


2-43 Hg 


Lead " 


2-56 


Pb 


■—••■ — >BK» 


Silver " 


4-09 


Ag 


» • — — * « . • 


Nickel " 






4*70 Ni 


Cobalt 






603 Co 



Apparently, the two forms of albuminous matter, the albumin and 
globulin, do not form corresponding compounds with the metallic 
salts experimented with. 



* See Loew, Pfliiger's Archiv fur Physiologie, Band xxxi, p. 393. 



Egg-Albumin and Albumoses. By R. H. Chittenden and 

Pebct R. Bolton, Ph.B. 

§ 

Eves since the albumose bodies were first separated from the pro- 
ducts of fibrin digestion* with pepsin-hydrochloric acid, it has been 
oar intention, already expressed, to subject the various individual 
albuminsf to the action of purified pepsin under like conditions, and 
thus ultimately to acquire a comparative knowledge of the albumose 
bodies obtainable from these different sources. Already the albumose 
bodies from fibrin and the globulosesj have been subjected to a care- 
ful study and we present here the result of a study of the albumoses 
from egg-albumin. 

In doing this, we have to report at the same time, the results of a 
study of the composition of egg-albumin itself. For we have made 
it a rale, in the series of experiments shortly to be described, to 
analyze a sample of each lot of albumin prepared for digestion. In this 
manner we have obtained data for a direct comparison of composition 
between the original sample of albumin and the products formed by 
its digestion. This we have deemed of considerable importance, for 
the data so obtained may throw considerable light on the nature of 
the changes involved in the formation of the albumoses ; particu- 
larly, as to whether they are hydrolytic in their nature. 

Four distinct samples of albumin were prepared, three of which 
were prepared in large quantities and served as material for the subse- 
quent digestions. 

Albumin A. 

This was a preparation of coagulated egg-albumin, prepared espec- 
ially with the view of obtaining a product wholly free from globulin. 
The method employed was essentially that recommended by Ham- 
marsten.g The whites of 120 eggs were freed from the yolks, then 



* W. Kuhne and R. H. Chittenden, Ueber Albumosen, Zeitschrift fur Biologie, Band 
xx, p. 11. 

f W. Kuhne and R. H. Chittenden, Ueber die nachsten Spaltungsproducte der 
Biweisskorper, Zeitschrift fur Biologie, Band xix, p. 1 59. 

J W. Kuhne and R. H. Chittenden. Globulin und Globulosen, Zeitschrift fur Biologie, 
Band xxii, p. 409. * ** "*'< ,: ~ ' -; *' 

§ See K. V. Starke, Beitrage zur Kenntniss des Serum- und Eialbumins, Jahres- 
bericht fur Thierchemie, 1881, p. 18. 
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finely divided by shaking with glass, the fluid mixed with an equal 
volume of water or more, then shaken vigorously with air and 
finally filtered through cloth. The solution so obtained, was then 
saturated with crystals of magnesium sulphate at 20° C, for the com- 
plete removal of the globulin. The mixture was filtered through 
paper and the clear filtrate saturated with sodium sulphate. The 
precipitated albumin was then filtered and washed with a saturated 
solution of sodium sulphate, after which it was dissolved in water and 
dialyzed in running water until the magnesium and sodium sulphates 
were entirely removed. The fluid was then again filtered and the 
albumin finally coagulated by being poured into eight litres of boil- 
ing water, slightly acidified with acetic acid. The great bulk of the 
coagulum so obtained was at once placed in four litres of 0*4 per 
cent, hydrochloric acid, while a small sample for analysis was washed 
with 95 per cent, alcohol, finally with absolute alcohol and then 
dried, first at 100° C, and finally at 106° C, in vacuo, until of con- 
stant weight. The following table shows the results of the analysis 
of the product. The various determinations were made as described 
in the previous articles on these subjects, the sulphur being deter- 
mined by fusion with potassium hydroxide and potassium nitrate in 
a silver crucible, according to the method designated by Hammar- 
sten* as la. 

Albumin JB. 

This albumin was prepared from the whites of 120 eggs by a some- 
what different method. The albumin solution, after dilution with 
water, was made very distinctly acid with acetic acid, and the heavy 
precipitate of globulin, after it had well settled, removed by filtration. 
The acid fluid was then made exactly neutral with sodium carbonate 
and again filtered ; it was then thymolized and dialyzed in running 
water for eight days. A little globulin, not precipitated by the acetic 
acid, was found in the bottom of the dialyzers when the salts had 
diffused out. This was filtered off and the perfectly clear fluid evap- 
orated at 35-45° C, to perfect dryness. A sample of this preparation 
was ground fine, dried at 106° C. in vacuo and analyzed. It is perhaps 
questionable, whether all of the globulin is removed by this method. 
The precipitate with acetic acid was quite heavy, and as H. Dillnerf 
has recently shown that the amount of globulin in egg-albumin, as 

* See Zeitschrift fur physiolog. Chemie, Band ix, p. 289. 

fUeber die Globuline im Huhnereiweiss, Jahresbericht fur Thierchemie, 1885, 
p. 31. 
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determined by the magnesium sulphate method, never reaches 1 per 
cent., but averages only 0*667 per cent., it seems probable that the 
greater portion is separated by the acetic acid. Further, Dillner has 
found that on the dialysis of a neutralized egg-albumin solution, the 
matter which separates out after a few days dialysis, is only in part 
globulin, but consists, in addition, of a somewhat insoluble body rich 
in sulphur. Hence, the substance which separated in our diaiyzers, 
after precipitation with acetic acid and neutralization, may not have 
been composed wholly of globulin. The following table shows the 
composition of the uncoagulated albumin B. 

Albumin C. 

This preparation was much the same as albumin B, except that it 
was finally coagulated. Globulin was separated by acetic acid, the fil- 
trate neutralized, again filtered and the fluid dialyzed in running water 
until all soluble salts were removed. The albumin was then coagu- 
lated by being poured into a large volume of boiling water acidified 
with acetic acid. A sample, after drying at 106° C. in vacuo y was 
found to have the composition shown in the accompanying table. 

Albumin J). 

This sample of albumin was prepared in exactly the same manner 
as albumin A ; the globulin removed by magnesium sulphate, the 
albumin precipitated by sodium sulphate and after dialysis, coagu- 
lated as already described. Its composition is shown in the follow- 
ing table. 

Comparing now, the results of the analysis of these four samples of 
albumin, it is seen that the first three agree almost exactly in com- 
position, while the fourth shows a somewhat lower content of carbon. 





A 


B 


C 


D 


Average 


c 


52-21 


52-88 


52-46 


51-74 


52-18 


H 


6*96 


6-98 


700 


6-81 


6-93 


N 


15-80 


15-89 


15-88 


15-68 


15-81 


S 


1-94 


1-83 


1-69 


2-02 


1-87 



O 2309 22-97 22*97 28*75 2321 

Ash 0-37 1-11 0-17 0-45 

Further, the coagulated products (A and C) do not differ .at all in 
composition from the non-coagulated albumin B. 

Schtitzenberger,* as a result of his work on proteid matter, ascribed 

* Bulletin de la Societe Chimique de Paris, T. 23 et 24. 
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to albumin the formula C a40 H m N flB O 7B S 8 , which requires a content of 
carbon not far different from the average of our results, but which 
on the other hand demands a content of nitrogen nearly 1 per cent, 
higher than we found. The well-known Lieberktihn's formula requires 
53*59 per cent, of carbon, or 1 per cent, more than was found in our 
highest result. Harnack's formula for albumin,* C ao4 H 8aa N Ba OJ3 a , with 
a molecular weight of 4618, based on a study of the copper compounds 
of albumin, requires too high a content of carbon and altogether too 
low a percentage of sulphur. Lieberktihn's formula requires 1*98 per 
cent, of sulphur, while Harnack's formula requires only 1*39 per cent. ; 
and as this was one of the main points on which Harnack based his 
formula, it is well to consider it. Our lowest result on sulphur is 1 *69 
per cent., and as the other three show a close agreement, it is proba- 
ble that the former is somewhat too low. The average of our results, 
however, is but 0*04 per cent, higher than found by Lieberktlhn. O. 
Loewf has recently considered this question, and he found on deter- 
mining the sulphur in coagulated egg-albumin by a modification of 
Piria and SchifTs method, 1 # 70 and ]'8*I per cent, of sulphur respect- 
ively. O. Nasse,J likewise, found in coagulated albumin a content of 
1*72 per cent, of sulphur, and lastly, Haramarsten§ found in non- 
coagulated albumin 1 *93 per cent, of sulphur. There would seem to 
be plenty of confirmatory evidence, therefore, that the content of 
sulphur in egg-albumin is much larger than indicated by Harnack's 
formula. 

The nitrogen, as determined in our preparations, is seen to be 
somewhat higher than found by Hammarsten, with whose results in 
other respects ours most closely correspond. Dumas, however, 
found nearly the same percentage of nitrogen as contained in our 
preparations. The accompanying table of analyses shows the aver- 
age of our results, compared with those of others. 

Albumoses. 

Three distinct digestions of albumin (preparations A, B and C) 
were made with pepsin-hydrochloric acid, and the albumose bodies 
isolated. In this way it was possible to prepare the bodies under 
somewhat different conditions, and to notice the influence, if any, on 
the nature and composition of the products. The pepsin-hydrochloric 
acid used in two of the digestions was prepared with a special view 



* Zeitschrift fur Physiolog. Chemie, BaDd v, p. 207. 

f Pfluger's Archiv fur Physiologie, Band xxxi, p. 395. 

% Jahresbericht fur Thierchemie, 1873, p. 13. § Ibid, 1881, p. 19. 
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4 

to removing all traces of albumose bodies, formed by the self-digestion 
of the mucous membrane, and was prepared as follows: 700 grams of 
mucous membrane from the cardiac portion of six pigs 9 stomachs, 
freed from the muscularis, were finely divided and warmed at 40° C. 
for fourteen days, in two and a half litres of 0*5 per cent, hydro- 
chloric acid. At the end of this time, all albumose bodies presumably 
having been converted into peptone, the solution was filtered from 
the residue of nuclein, antialbumid, etc., and the filtrate saturated 
with ammonium sulphate. The precipitate, consisting mainly of 
pepsin, with perhaps some albumose, was filtered off, washed with a 
saturated solution of ammonium sulphate, and then dissolved in two 
litres of 0*2 per cent, hydrochloric acid. The acid solution was then 
thymolized and dialyzed in running water, until the ammonium sul- 
phate was entirely removed. On opening the dialyzing tubes, quite 
a precipitate was found, which on being dissolved in 0*2 per cent, 
hydrochloric acid showed marked proteolytic action. The filtrate 
also, on being acidified, showed vigorous digestive power. These 
two solutions of purified pepsin were used in the digestion of two of 
the albumins, while with the third a pure glycerin extract of pepsin 
was employed. 

The general method of procedure, both in the digestions them- 
selves and in the separation of the various albumoses, was much the 
same as that previously employed by Ktlhne and Chittenden. 

Digestion of Albumin A. 

The albumin, as previously described, was placed in four litres of 
0*4 per cent, hydrochloric acid and the mixture raised to a tempera- 
ture of 45° C. Then 600 c. c. of the purified pepsin-hydrochloric 
acid solution were added and the mixture kept at a temperature of 
4§° C. for three hours, after which it was neutralized with sodium 
hydroxide and filtered. The pepsin solution, although quite active, 
did not act very vigorously on the coagulated albumin. The neu- 
tralization precipitate, therefore, together with the unaltered albumin, 
was again treated with a fresh quantity of the pepsin-hydrochloric 
acid, under like conditions as the preceding, for four hours. The two 
neutralized fluids were then united and treated together. The total 
volume was about six litres. The clear fluid was saturated in the 
cold with crystals of sodium chloride, by which a precipitate was 
obtained, which from analogy should consist of proto-, dys- and 
heteroalbumose. 
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In making these separations of the albumose bodies, we intention- 
ally avoided raising the temperature of the fluid above 45° C, for 
fear that heat might induce some change in the character of the 
bodies ; hence the first neutralized fluid was saturated directly with 
salt, in spite of its large volume, and the bodies were ultimately all 
separated without having been exposed to a temperature higher than 
that above-mentioned. The use, however, of such a large quantity 
of rock salt introduced into the solutions some calcium sulphate, 
which adhered very tenaciously to the albumose bodies and thus 
unavoidably raised the content of ash in the preparations. 

The precipitate produced by the addition of sodium chloride in 
substance was filtered, washed with a saturated solution of sodium 
chloride, then extracted successively with a ten per cent, solution of 
sodium chloride, a five per cent, solution of the same salt, and lastly 
with water. The residue remaining undissolved after these succes- 
sive treatments with dilute salt solutions and water, presumably con- 
sisted of dysalbumose, while the solutions contained a body precipi- 
table by acetic acid and soluble in excess, and also precipitable by 
potassium ferrocyanide ; presumably protoalbumose together with 
heteroalbumose. The original salt-saturated filtrate contained all of 
the deuteroalbumose, together with considerable protoalbumose and 
some heteroalbumose. 

A. Protoalbumose, 

The five and ten per cent, sodium chloride solutions of the first salt 
precipitate, together with the aqueous solution of the same, were 
united and then dialyzed in running water for removal of the hetero- 
albumose. The solution, partially freed from the latter, was concen- 
trated somewhat and the protoalbumose again precipitated by satu- 
rating the solution with sodium chloride. This precipitate was again 
dissolved in water, dialyzed until the greater portion of the salt was 
removed, the solution then concentrated and the albumose precipi- 
tated by alcohol. This precipitate was redissolved in water, dialyzed 
until no chlorine reaction could be obtained with silver nitrate, the 
solution concentrated on the water bath to a syrup and finally pre- 
cipitated with alcohol, washed with alcohol and ether and then dried 
at 106° C. in vacuo uutil of constant weight. In the last dialysis, 
there was no separation whatever of heteroalbumose, hence the pro- 
toalbumose is to be considered as quite pure. The composition of 
the substance is shown in the accompanying table. The ash con- 
tained no sulphate. 
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The protoalbumose .was readily soluble in water and, unlike the 
protoalbumose from fibrin, dissolved to a perfectly clear solution 
with a neutral or very faintly alkaline reaction. The aqueous solu- 
tion was rendered somewhat turbid by the addition of a little acetic 
acid, the turbidity disappearing, however, on the addition of an excess 
of acid. The aqueous solution, strongly acidified with acetic acid, 
was precipitated by the addition of potassium ferrocyanide ; the pre- 
cipitate, however, dissolved on heating the mixture, reappearing as 
the solution became cool. 

An aqueous solution of the album ose, acidified with acetic acid to 
such an extent that the first turbidity was re-dissolved, was not ren- 
dered at all turbid by the addition of a little sodium chloride ; the 
addition of more salt, however, gave a very strong turbidity which 
disappeared entirely on warming, reappearing on cooling. As with 
the protoalbumose from fibrin, it is possible to add such a quantity 
of sodium chloride as to induce a very heavy precipitate, yet have it 
wholly disappear on boiling the mixture, separating out again, how- 
ever, as the solution becomes cool. Finally the addition of a larger 
amount of sodium chloride gave a precipitate in the acidified solution, 
which was not at all affected by even boiling. 

An aqueous solution of protoalbumose, when treated drop by drop 
with concentrated nitric acid, was rendered noticeably turbid at the 
point of contact, the turbidity disappearing as the mixture was shaken. 
On adding just the right proportion of nitric acid, a point was reached 
where the solution showed a permanent turbidity, which disappeared 
on the application of a little heat, returning as the solution cooled. 
A slight excess of nitric acid produced even in the cold, a very 
distinct reddish yellow coloration of the fluid, the turbidity disappear- 
ing. By adding crystals of salt to the acid solution, a precipitate 
was again formed, which disappeared on the application of heat, and 
reappeared as the solution cooled. 

By saturating an aqueous solution of protoalbumose with salt, a 
heavy precipitate was formed, but in the filtrate more albumose was 
always found on the addition of a little acetic acid. In fact, each 
time protoalbumose was precipitated by sodium chloride in substance 
there was always a loss ; a certain proportion of the substance re- 
maining in the filtrate, precipitable only by the addition of a lit- 
tle acetic acid. Protoalbumose heated with acid, or treated in the 
cold with dilute alkalies was not apparently converted into acid 
albumin or alkali-albuminate-like bodies, for on neutralization, no 
precipitation whatever occurred. Heated with potassium hydroxide 
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and plumbic acetate, there was a decided blackening of the fluid. 
The protoalbumose likewise gave the characteristic reddish violet 
color with potassium hydroxide and cupric sulphate. Cupric sul- 
phate alone, added to an aqueous solution of protoalbumose, gave a 
heavy greenish colored precipitate, not very soluble in excess of the 
copper salt. Mercuric chloride and lead acetate also precipitated 
the albumose. 

In its reactions, therefore, the protoalbumose formed from egg- 
albumin does not differ, essentially at least, from fibrin protoal- 
bumose. 

A. Deuteroalbumose. 

This body was obtained from the first salt-saturated fluid, by the 
addition of a little acetic acid (sp. gr. 1042) also saturated with salt. 
As Kuhne and Chittenden have already pointed out, all of the proto- 
albumose is not precipitated by saturation of a neutral fluid with 
sodium chloride. Hence, it is to be expected that the deuteroalbu- 
mose solution would contain some protoalbumose, which latter would 
be likewise precipitated by the salt-saturated acetic acid. We en- 
deavored to make a separation, however, by rejecting altogether the 
first precipitate produced by the addition of a little acetic acid, and 
then to obtain the deuteroalbumose fairly free from the former, by 
the subsequent addition of more acetic acid. The final precipitate 
so obtained, was dissolved in a small amount of water and then 
dialyzed for several days. The solution, in which was noticed a small 
deposit of heteroalbumose, was concentrated and finally precipitated 
by alcohol. The precipitated deuteroalbumose was then redissolved 
in water, the solution made exactly neutral with sodium carbonate 
and dialyzed in running water for many days, after which the 
solution was concentrated to a syrup, the albumose precipitated with 
alcohol and finally, after washing with ether, dried at 106° C. in 
vacuo until of constant weight. The composition of the product is 
shown in the accompanying table. The ash was composed mainly of 
ferric oxide and calcium phosphate ; it contained no sulphate. 

The pure white powder, after being dried at 106° C, was found 
readily soluble in water. The solution was not rendered at all turbid 
by saturation with sodium chloride, but the substance was more or 
less completely precipitated by the addition of a little acetic acid to 
the salt-saturated fluid. Nitric acid added to an aqueous solution of 
the substance gave no precipitate whatever, but colored the solution 
decidedly yellow even in the cold. A little sodium chloride added to 

Trans. Conn. Acad., Vol. VII. 44 Nov., 1886. 
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the nitric acid solution gave a decided turbidity, which disappeared 
on warming the solution and reappeared on cooling. 

The addition of acetic acid to an aqueous solution of the albumose 
gave no precipitate whatever, nor was any change to be observed on 
heating the fluid ; neutralization, at least, caused no precipitation. 
The addition of a little sodium chloride solution to a solution of 
deuteroalbumose acidified slightly with acetic acid gave no precipi- 
tate whatever, but as with deuteroalbumose from fibrin, the applica- 
tion of a little heat induced a slight turbidity, which disappeared on 
raising the temperature still higher. Again, on the further addition 
of sodium chloride, a heavier precipitate was produced which disap- 
peared completely on heating the solution and reappeared on cooling; 
and lastly,» by adding more sodium chloride, a precipitate was ob- 
tained which was permanent even on heating the mixture to boiling. 
In these, as in nearly all other respects, the deuteroalbumose showed 
itself the same in nature as the deuteroalbumose from fibrin, and the 
reactions given for that body can well be applied here. In one reac- 
tion only was there any very noticeable difference ; viz : in the 
reaction with cupric sulphate. Deuteroalbumose from egg-albumin 
gave only a slight precipitate with cupric sulphate, even on the addi- 
tion of a minimum amount of the copper salt.* With acetic acid and 
potassium ferrocyanide, the reaction was much the same as with pro- 
toalbumose. Boiling with sodium hydroxide and lead acetate gave 
a decided blackening of the fluid, from the presence of sulphur. 

A, Heteroalbumose* 

The greater portion of the heteroalbumose was obtained by the 
dialysis of the 5 and 10 per cent, sodium chloride solutions of the 
first salt precipitate, viz : in the purification of protoalbumose. 
Some, too, was also found in the dialysis of the precipitated deuteroal- 
bumose. In both cases, the albumose was left as a more or less gummy 
precipitate, closely adherent to the parchment of the dialyser, sepa- 
rating out as the sodium chloride left the solution. The product 
was purified by solution in 5 per cent, sodium chloride, re-precipitation 
by the addition of salt in substance, re-solution in 5 per cent, sodium 
chloride and separation by dialysis, continued until all chlorine was 

* This fact simply shows the greater purity of this preparation of deuteroalbumose 
or rather its freedom from protoalbumose, for as Dr. Neumeister has recently shown, 
perfectly pure deuteroalbumose gives no precipitate whatever with cupric sulphate. 
Later, we were able to prepare deuteroalbumose entirely free from protoalbumose. 
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removed from the solution. Like beteroalbumose from fibrin, this 
product each time it was re-dissolved in dilute sodium chloride, left 
a residue soluble only in dilute acids ; presumably dysaibumose. 

After being washed with water, alcohol and ether, the product 
was dried at 106° C. in vacuo and then analyzed with the results 
shown in the accompanying table. 

The ash consisted mainly of calcium phosphate and a little ferric 
oxide, but did not contain any sulphate. The reactions of the body 
were found to be almost identical with those described as character- 
istic of heteroalbumose from fibrin.* Suspended in water or dis- 
solved in 5-10 per cent, sodium chloride solution and then heated to 
boiling, the heteroalbumose was changed into a body, coagulated 
heteroalbumose^ insoluble in sodium chloride but slowly soluble in 0*2 
per cent, hydrochloric acid, from which it was precipitated by neu- 
tralization, apparently reconverted again, in part, into soluble hetero- 
albumose and in part into a body resembling dysaibumose. Thus 
on neutralizing the acid solution, a decided precipitate was obtained 
which was in part soluble in 5 per cent, sodium chloride (heteroalbu- 
mose), while the residue insoluble in the salt solution was soluble in 
dilute acids and in dilute alkalies (dysaibumose). In the filtrate 
from the neutralization precipitate, acetic acid showed the presence 
of still more heteroalbumose, which could be separated from the 
solution by dialysis. 

Further, the heteroalbumose was found to be soluble in dilute 
acids, alkalies and alkaline carbonates, and from the solutions thus 
formed, it was reprecipitated by neutralization, but never completely ; 
the amount remaining in solution being dependent naturally on the 
amount of neutral salt contained in the fluid. 

Nitric acid precipitated the albumose 3 the extent of the precipita- 
tion depending on the amount of sodium chloride present. Acetic 
acid likewise gave a precipitate, soluble in excess of the' acid. With 
acetic acid and potassium ferrocyanide, a precipitate was formed also 
soluble in excess of acid. With cupric sulphate, on the contrary, 
a heavy precipitate was obtained in a sodium chloride solution of the 
albumose, insoluble in excess of the copper salt. The substance gave 
the so-called biuret reaction with cupric sulphate and potassium 
hydroxide quite plainly, and also gave evidence of the presence of 
sulphur on boiling with potassium hydroxide and plumbic acetate. 



* See Zeitschrift fur Biologie, Band xx, p. 32-36. 



144 Chittenden and Bolton — Egg- Albumin and Albumoses. 



O 

3 

\ 



fter 
cting 

Ash. 














9 

• 


03 9«h 














TH 






• 












*Q C0 


















i 


1 


■ 


i 


, 


1 


1© 


WW. 


i 




i 


i 


• 


1 

1 


• 




' 




i 


i 


i 


• 


CO 


©5o 






























s 


^ fl + 2 














0) 

• 

© 


«-§ 












--- 




.C ,Q • 


• 


1 


i 


i 


• 




00 3 © 


• 
• 


1 
1 


i 
i 


• 


■ 
• 


g 




w OD 


• 
i 
• 


1 
1 


i 

i 
i 


• 

■ 

i 


• 
• 
• 


04 




0Q>* 
















BaS0 9 
from the 

ash. 

gram. 


• 
■ 
• 
i 
• 


1 
1 
1 

1 
1 


i 
i 
i 
■ 
■ 


i 
i 

■ 
i 
i 
i 


• 
• 
i 
i 
i 
• 


00 

TH 

© 

TH 

• 

© 


1 
• 
1 

1 


• 










t- 






•s^ 










co 




1 


00^ 


i 
■ 


1 


i 


i 
i 


TH 


i 
1 


1 
1 


• • 










CO 






OD 2 OS 


i 
• 


1 
1 


i 


• 


t- 

£- 


l 
l 


1 
1 


^,2 tc 


■ 


1 


• 


i 


o 


1 


1 


i 


t 


i 


i 


• 

© 


l 


t 






1 


£ 


CO 


1 


1 


1 


fc"fc* 


• 


1 
I 


© 

• 
<* 


• 


1 
1 


• 

1 


1 








T-l 


TH 








! © 

1 Ih 


i 


1 


0* 


00 


1 


• 


1 


1 5 a 
' as p 


i 


1 
1 


to 

1© 


CO 


1 
1 
1 


1 

# 


1 
1 
• 




© P 


* 


1 


t- 


t- 


1 


• 


1 




Ih 


• 


• 






1 


I 


1 


a 


Pl. 
































3 




■ 


1 


00 


TH 


1 


1 


1 


cS 


H° 


• 
t 


1 


• 


00 


1 
1 


1 

I 


1 
1 


fc 


^ 


i 


1 


TH 


TH 


1 


1 


1 


• 


, 


1 


l© 


th 


• 


1 


1 




O 


• 


1 


• 


• 


1 


1 


1 




• 




1 

1 


»© 


9 


1 
1 


• 
i 


1 
1 


r 


:>>* 


i© 

• 


9 

3 


l 
1 
1 
t 


i 
i 
i 
• 


1 
1 
1 


I 
■ i 

l 
I 


1 

• 

1 
1 


"'2 H 


3 


00 
00 


1 

i 


i 


1 
1 


i 
i 


1 
1 


t- 


© 


1 


• 


1 


1 


• 


S§ 2 


»© 

• 


00 

• 




■ 


1 


1 


1 
1 


«h be 


© 


o 


1 


i 


1 


I 


1 


W^ 


TH 

■ 


s 

• 


I 
l 
1 


i 
i 


• 
1 


i 
l 
i 


1 
1 
1 




CO 


CO 


• 


• 


1 


1 


1 


0*°' S3 


s 


§ 


i 
I 


i 
i 


1 
1 


I 
1 


1 


Oft 


t- 


l 


i 


1 


• 


1 


« bo 


• 

© 


• 

© 


l 
I 
l 


i 
i 
i 


1 
1 
1 


1 
I 


1 


© 
















o 


© 


1© 


^ 


TH 


00 


00 


«* 


ubstati 
used, 
gram. 




CO 


Oft 


t- 


0} 


Oft 


fc- 


• 

© 


o» 

• 

© 


CO 

• 

© 


CO 

• 

o 


• 

o 


s 

• 

© 


co 

• 

© 


GQ 


♦ 
















• 

o 


~ 




a 


£ 


> 


> 


> 



£f Q» <^ *i <2> 

CO • • • • 

fe <£> ** to ^ 

g Ui ^ 






< 



8 



I © 



• 00 



I t 

• 1-1 < I 
■ CO i i 



» • Oft 

i i o ' ■ 

II* II 

i i CO i i 



V 


00 
00 


s 


s? 


© 


CO 


Co 


i© 




8 






■*» 






S» 








s 

* 


t— 1 
1-1 

• 




1-t 


£- 




»© 





I I I 

I I I 

I I I 

I I • 



I I 

I I 

I I 

I ' 



O W fc OQ O 



Chittenden and Bolton — Egg- Albumin and Albumoses. 145 

Digestion of albumin B. 

340 grams of the dry albumin, non-coagulated, were soaked in 2 
litres of 0*4 per cent, hydrochloric acid for 24 hours, then warmed up 
to 45° C. and 1 litre of the purified pepsin-hydrochloric acid added, 
also warmed at the same temperature. The mixture was kept at 
45° C. for 16 hours, then neutralized and filtered. The filtrate, con- 
taining the albumose bodies formed from the non-coagulated albu- 
min, was then treated as already described under Albumin A. 

B. Protoalbumose. 

The protoalbumose isolated from this digestion, was purified in 
much the same manner as A protoalbumose, and did not differ from 
it in its reactions, except that with water it did not dissolve to quite 
so clear a solution ; in fact its solution in water resembled more 
closely the aqueous solutions of protoalbumose from fibrin. During 
its final purification, it was dialyzed in running water until no chlorine 
reaction could be obtained with silver nitrate. In spite of this fact, 
however, the preparation contained a large percentage of ash, con- 
sisting mainly of calcium sulphate, ferric oxide and a little calcium 
phosphate. 

The accompanying table shows the composition of the substance 
after drying at 106° C, in vacuo, until of constant weight. 

In the purification of this protoalbumose, the substance was re pre- 
cipitated three times by saturating the aqueous solution of the pre- 
cipitate with sodium chloride. By this treatment, as already stated, 
there is considerable loss, inasmuch as the precipitation of proto- 
albumose with salt in this manner is never complete, considerable 
remaining each time in the salt-saturated fluid. By adding a very 
little acetic acid, however, the protoalbumose is completely precipi- 
tated from the salt-saturated solution. The filtrates therefore, from 
the second and third precipitations of protoalbumose with salt 
alone were united, and the albumose remaining in them precipitated 
by the addition of a little acetic acid, saturated with sodium chloride. 
Our object was to see whether the protoalbumose which had at one 
time been precipitated by salt alone and then had finally become 
soluble in the salt-saturated fluid, differed at all in composition or in 
reaction from the protoalbumose still insoluble in the salt solution. 

The albumose separated in this manner was purified by being dis- 
solved in water, the solution made exactly neutral with sodium car- 
bonate and dialyzed for several days. The fluid was then con- 
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centrated to a syrup and the albumose precipitated by alcohol. This 
precipitate was again dissolved in water, the solution made exactly 
neutral and again dialyzed. 

After suitable concentration, the albumose was again precipitated 
by alcohol, washed with alcohol and ether and finally dried at 106° C. 
in vacuo. 

The results of the analysis are seen in the accompanying table. 

The ash in this preparation is seen to be much smaller than in the 
protoalbumose precipitated* by salt alone. In other respects the two 
analyses are closely comparable, particularly the carbon and sulphur. 

The reactions were in almost every case the same as with the pre- 
ceding preparation, excepting perhaps a somewhat greater solu- 
bility. 

B. Deuteroalbumose. 

This body was separated and purified in exactly the same manner 
as in the preceding digestion. The analysis of the product is shown 
in the accompanying table. The ash contained some calcium sul- 
phate and a little ferric oxide. The reactions of the body were the 
same as those of A deuteroalbumose. 

From this digestion, more or less heteroalbumose was separated 
but no analysis was made of the product, as the amount was rather 
small for the necessary purification. 

Digestion of Albumin C. 

In the digestion of this sample of* coagulated albumin, a much 
more vigorous pepsin-hydrochloric acid was employed than in the 
preceding digestions. The freshly coagulated albumin was placed 
in 3 litres of 0*4 per cent, hydrochloric acid and brought to a tem- 
perature of 45° C, then 400 c. c. of a pepsin solution, made from a 
pure glycerin extract of pepsin, were added and the mixture kept at 
45° C. for 24 hours. The fluid was then neutralized, filtered and the 
clear filtrate saturated with sodium chloride. The albumose bodies 
were then separated and purified according to the methods already 
described. 

The several bodies showed the same reactions as observed in the 
preceding preparations. 

Protoalbumose and deuteroalbumose were analyzed. The results 
are shown in the accompanying tables. The ash of the deutero- 
albumose contained no sulphate, but was composed almost entirely 

of ferric oxide. 
Trans. Conn. Aoad., Vol. VII. 45 Nov., 1886. 
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Dysalbumose. 

This form of albumose was found in all three digestions, but the 
amount was much smaller than noticed in the fibrin digestions. The 
substance was obtained as an insoluble residue, after extracting the 
first sodium chloride precipitate successively with 10 and 5 per cent, 
salt solutions and with water. It was then dissolved in 0*2 per cent, 
hydrochloric acid, and after filtration precipitated by neutralization. 
After precipitation in this manner, a portion of the substance was 
found soluble in sodium chloride and on dialysis of the solution, sep- 
arated in much the same manner as heteroalbumose. The portion 
still insoluble in salt solution was then washed thoroughly with 
water and lastly with alcohol and ether. Not enough of the albu- 
mose was separated from any one digestion for analysis, but by unit- 
ing the products from all three, sufficient was obtained for the 
following analytical data: 

I. 0-2537 gram substance gave 0-1500 gram H 9 0=6-57 per cent. H 

and 0-4550 gram CO a =4892 per cent. C. 

II. 0*3700 gram substance gave 46*3 c. c. N at 13-8° C. and 761*3 mm 

pressure— 14*96 per cent. N. 

III. 0-1354 gram substance gave 0-0069 gram ash=5'09 per cent. 

The ash-free substance therefore contained 51*52 per cent. C, 6*92 
per cent. H, 15*79 per cent. N". The ash was composed wholly of 
ferric oxide. 

The peculiar behavior of dysalbumose after solution in either 
dilute acids or sodium carbonate and neutralization, shows plainly 
that the substance is simply heteroalbumose rendered insoluble by 
action of the sodium chloride. Dysalbumose, wholly insoluble in 
sodium chloride, is readily dissolved by sodium carbonate of 1 per 
cent., and on neutralization of the alkaline fluid is in great part pre- 
cipitated. The substance however, is now spluble in sodium chlor- 
ide and has evidently been reconverted into heteroalbumose. It 
is very apparent, however, from our results that heteroalbumose 
from egg-albumin is not so readily converted into dysalbumose by 
the action of sodium chloride, as heteroalbumose from fibrin. In 
all three of our experiments, the amount found was very small. 

Further, it would seem as if heteroalbumose from albumin was 
somewhat more resistant to the action of alcohol and ether than 
heteroalbumose from fibrin. Still the former did become quite 
rapidly insoluble in sodium chloride after standing under alcohol 
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for a short time. The reactions of dysalbumose, aside from its 
behavior towards sodium chloride, were found to be much the same 
as those of heteroalbumose. , 

Relation of the albumoses to albumin. 

In composition, the albumoses from albumin are seen to differ from 
each other somewhat more than the albumoses from fibrin ; collec- 
tively, however, there is less difference in composition between the 
albumose bodies and the albumin from which they are formed, than 
noticed in the case of the albumose bodies from fibrin.* In the 
latter, however, there is no guarantee that the fibrin employed in 
the experiments had the actual composition assigned to pure blood- 
fibrin. The fibrin-albumoses collectively contained about 50*6 per 
cent, of carbon and 17*1 per cent, of nitrogen, while Hammarsten 
found fibrin itself to contain 52*6 per cent, of carbon and 16*9 per 
cent, of nitrogen. In our experiments, on the other hand, we have 
for comparison the composition of the albumin actually used in the 
experiments, and in the accompanying table the differences in com- 
position of the various products are plainly to be seen. 

Examining these in detail, we see that all of the products show a 
somewhat smaller content of carbon than albumin itself. With 
nitrogen, however, there is a very close agreement throughout, and 
with sulphur likewise. In the case of the fibrin-albumoses it was 
considered that the diminished percentage of carbon indicated plainly 
that the albumoses were hydration products, and that they were 
formed from fibrin by simple hydrolytic action. The results 
obtained with the globuloses did not appear to confirm this view, 
but in this case it must be remembered that the digestion of globulin 
by gastric juice maybe quite a different process from albumin diges- 
tion. With albumin, however, the results, although less pronounced, 
also indicate hydrolytic action and that the products formed are 
hydration products. 

The following table shows the extent of these differences, and also 
shows the close agreement in composition between proto- and deutero- 
albumose and the so-called soluble and insoluble hemialbumose from 
egg-albumin, isolated and analyzed by KtLhne and Chittenden at the 
commencement of their study of these bodies.* 

* See Zeit8chrift fur Biologie, Band xix, p. 174. 
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Deuteroalbumose is seen to contain 0*7 per cent, less carbon than 
egg-albumin, while protoalbumose contains fully 1*25 percent, less. 
The nitrogen in the two compounds is in accord with the content of 
carbon and the composition of the two products certainly suggests 
hydrolytic action. 

The lower content of carbon in the albumose bodies has been ex- 
plained by some writers on the ground that the precipitants used, 
principally acetic acid, would tend to form an acid compound, and 
that even when dried and ready for analysis, the compound would 
still contain some acid ; which fact would be sufficient to account for 
the low content of carbon found. It is to be noticed, however, in 
these results that the deuteroalbumose, not only on an average but 
in each individual case, contains more carbon than protoalbumose, 
which was precipitated by sodium chloride alone without the addi- 
tion of any acetic acid whatever. Further, comparing the two 
preparations of protoalbumose B, one of which was precipitated 
by salt alone and the other by acetic acid, it is seen that the 
percentage of carbon is the same in both. Unquestionably proto- 
and deuteroalbumose both do combine with acids, but after neutral- 
ization and long continued dialysis the albumose body certainly 
exists in a free state, uncombined with either acid or alkali. 

The greater portion of this work was completed before we had any 
knowledge of Dr. Neuraeister's work on the complete separation of 
protoalbumose from deuteroalbumose. || It was, therefore, too late for 



* See Kuhne and Chittenden, Ueber die nachsten Spaltungsproducte der Eiweiss- 
korper. Zeitschrift fur Biologie, Band xix, p. 174. 

f Average of all the products analyzed. Zeitschrift fur Biologie, Band xx, p. 40. 

\ According to Hammarsten. § Average of all products. 

| Zur Kenntniss der Albumosen. Zeitschrift fur Biologie, Band xxiii, p. 381. 
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us to take advantage of his method of separation. Our preparations 
of deuteroalbumose unquestionably were not wholly free from proto- 
albumose, but that they did not contain much of this body is evi- 
denced by the small precipitate obtained with cupric sulphate ; for, 
as Dr. Neumeister has recently shown, deuteroalbumose entirely free 
from protoalbumose gives no precipitate whatever with cupric sul- 
phate. 



Trans. Conn. Acad., Vol. VII. 46 
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Casein and its Primary Cleavage Products. By R. H. 
Chittenden and H. M. Painter, B.A., Ph.B. 

Following out the general plan of procedure indicated some time 
ago with other albuminous bodies,* we have endeavored to prepare 
and study the primary products formed in the digestion of pure casein 
with pepsin-hydrochloric acid. Assuming that casein in its conver- 
sion into peptone by artificial gastric juice, passes through certain 
intermediate stages, in which bodies akin to the albumose bodies 
are formed, we have applied the methods of separation used so suc- 
cessfully in the past and have been able to isolate a class of bodies 
bearing the same relationship to casein that the albumoses do to 
albumin. For this class of bodies we propose the name of caseoses. 

In studying these substances and particularly their composition, 
we deemed it essential to be certain of the purity and composition 
of the casein to be digested ; particularly in view of the recent con- 
troversy between Hammarstenf and A. Danilewsky as to the single 
nature of this albuminous body. Assuming, as claimed by Dan- 
ilewsky,! that casein is a mixture of two albuminous bodies and that 
the numerous analyses recently made by Hammarsten of various 
preparations of casein are incorrect, particularly in the percentage 
of sulphur, made it incumbent on us to obtain some data on these 
points confirmatory of one or the other view, before advancing to a 
study of the products formed by the digestion of casein. 

Of the various methods used for the preparation of pure casein, 
that depending on repeated precipitation by acids and re-solution 
in alkalies has been the most in vogue ; for although theoretical 
objections might be advanced as to the possibility of change in the 
nature of the substance under the influence of acids and alkalies, the 
results obtained have in some respects, at least, been very satisfac- 
tory. Alex. Schmidt, in conjunction with Kapeller,§ showed plainly 
that dialysis of milk and then precipitation of the casein by acetic 
acid, while it gave fairly good results, was not sufficient in itself to 



* See the preceding articles on globuloses and albumoses. 

f See Zeitschrift fur phyaiologische Cheraie. Band vii, p. 227. Zur Praise, ob das 
casein ein einheitlicher stoff sei. Also same volume, p. 427. 
\ See Zeitschrift fiir physiologische chemie, Band vii, p. 433. 
§ Beitrag zur Kenntniss der Milch, Jahresbericht fiir Thierchemie, 1874, p. 154. 
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wholly remove the inorganic salts, and thus recourse was had to 
repeated precipitation by acids, after solution in dilute alkalies. By 
this method, Haramarsten* came to the conclusion that milk con- 
tains but two albuminous bodies, viz: casein and lacto-albumin, and 
the same investigator has repeatedly made use of this method for the 
preparation of pure casein. Lundbergf has plainly shown the notice- 
able resistance of casein to the action of acids, and Hammarstcn has 
indicated the possibility of using acetic acid, if necessary, in place 
of the stronger hydrochloric acid. Millon and Commaille, however, 
have claimed that in the precipitation of casein with either acid, the 
precipitate does not consist of free casein, but is a compound of 
casein with the acid used. 

This erroneous view, Hammarsten shows depends simply on the 
great difficulty of washing the precipitated casein completely, and 
he suggests that it is perhaps impossible to prepare large quantities 
of casein absolutely pure. For the preparation ol the substance, 
however, Hammarstcn recommends acetic acid in preference to 
hydrochloric acid and final drying of the compound at a temperature 
of 110° C. 

Danilewsky and Radenhausen,J however, prefer to use hydrochloric 
acid in the preparation of pure casein, and for this purpose they use 
skimmed milk, diluted with 4-5 volumes of water, to which the dilute 
acid is added little by little, until a good precipitate is obtained. 
After filtration and repeated washing with distilled water, the casein 
is rubbed fine, then dissolved in water to which a little ammonia 
has been added, the fluid filtered and the clear filtrate again precipi- 
tated by the addition of a little dilute hydrochloric acid. Casein, so 
prepared, after being washed with distilled water, reacts acid to test 
papers and shows the usual reactions of this body ; but if when 
freshly precipitated, the substance is boiled with perfectly neutral 
50 per cent, alcohol and filtered hot, according to Danilewsky and 
Radenhausen, the casein is separated into two bodies, one of which 
is partially soluble in hot alcohol and separates out on cooling, while 
the other is insoluble. The soluble portion is termed caseoprotalbin, 
the insoluble portion caseoalbumin. The former, it is stated, gives 

* Zur Kenntniss des Caseins und der Wirkung des Labfermentes, Jahresbericht 
fur Thierchemie, 1817, p. 158. 

f Kleinere Beitrage zur Kenntniss des Caseins, Jahresbericht fur Thierchemie, 
1876, p. 11. 

\ Untersuchungen iiber die Eiweisstoffe der Milch, Jahresbericht fur Thierchemie, 
1880, p. 186. 



158 Chittenden and Painter — Casein and its 

no sulphur reaction when boiled with 2 per cent, sodium hydroxide, 
but contains 1*13 per cent, of sulphur, while caseoalbumin is stated to 
contain 1*23 per cent, of sulphur. Hence, according to these investi- 
gators, casein is a mixture of two bodies, one of which is rich in sul- 
phur, while the other contains a somewhat smaller amount. The 
objection which these investigators make to the use of acetic acid in 
the preparation of casein, is that from a sodium acetate solution, 
casein itself is not precipitated, or only in part, but that the precipi- 
tate consists mainly of the protalbin body. Further, Danilewsky 
and Radenhausen claim that caseoalbumin dissolved in 1 per cent, 
sodium hydroxide and allowed to stand for 24 hours at the tempera- 
ture of the room, is changed almost completely into caseoprotalbin, 
with loss of sulphur and calcium phosphate. In a similar manner, 
protalbin dissolved in lime water, with addition of alcohol and phos- 
phoric acid, can be changed into caseoalbumin. 

Hammarsten,* however, takes exception to these views and points 
out that the peculiar behavior of Danilewsky's casein towards boiling 
50 per cent, alcohol, depends in part upon its content of calcium phos- 
phate, the presence of which impurity depends upon the use of hydro- 
chloric acid in the precipitation of the casein, which acid does not 
favor the removal of the salt as well as acetic acid. Using acetic 
acid as the precipitant and then employing a casein three times so 
precipitated, and which analysis showed to be almost entirely free 
from calcium phosphate, Hammarsten, by treatment with boiling 
alcohol, was unable to obtain anything more than a trace of sub- 
stance corresponding to caseoalbumin. Further, casein is unques- 
tionably changed by boiling with alcohol, as Hammarsten clearly 
shows ; in fact it is well known that heating an albuminous body in 
water is liable to change its nature, at least its solubility, and there 
is no reason why treatment with 50 per cent, alcohol should not lead 
to a like result. Again, Hammarsten points out clearly another 
inconsistency in the reasoning of Danilewsky and Radenhausen in 
connection with the so-called conversion of caseoprotalbin into caseo- 
albumin. The former body is stated to be poorer in sulphur than 
the latter, and yet we are told that the protalbin body can be con- 
verted into caseoalbumin by simple solution in lime water and addi- 
tion of phosphoric acid, with or without alcohol. Yet how it is 
possible by this method of treatment to convert a body with a small 

* Zur Frage, ob das Casein ein einheitlicher Stoff sei. Zeitschrift fur physiologische 
chemie, Band vii, p. 227. 
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content of sulphur into a body richer in sulphur, is hard to see. 
Much more plausible is it, as suggested by Hammarsten, that in 
these two bodies we have to deal with the same substance, in the 
one case united with calcium phosphate, and in the other uncom- 
bined with this salt ; or in other words that the so-called protalbin 
body in the absence of calcium phosphate is soluble in boiling 50 per 
cent, alcohol, while in the presence of that salt it is insoluble. 

This view being correct, and Hammarsten's observations would 
tend to show that it is, it is obvious that the caseoprotalbin of Dan- 
ilewsky is simply a portion of the casein, which, owing to lack 
of a sufficient amount of calcium phosphate, passes into solution on 
being boiled with dilute alcohol ; while caseoalbumin, on the other 
hand, is likewise a portion of the casein, insoluble on account of the 
presence of cal'cium phosphate ; changed, however, more or less by 
action of the boiling alcohol. Further, the reason why casein 
precipitated several times by acetic acid does not contain as much 
calcium phosphate as when precipitated by hydrochloric acid, and 
thus react$ differently with alcohol, depends on the far greater insol- 
ubility of freshly precipitated casein in excess of acetic acid than in 
hydrochloric acid. In the precipitation of casein with hydrochloric 
acid only the slightest excess of acid can be added, on account of the 
ready solubility of the precipitate in this dilute acid. With acetic 
acid, however, a moderate excess can be added without solution of 
the precipitate, and thus in the latter case, a larger proportion of 
mineral salts are removed at each re-precipitation. 

Danilewsky and Radenhausen have further called attention to the 
fact that casein precipitated with hydrochloric acid yields a larger 
amount of alkaline sulphide than when precipitated by acetic acid. 
This statement, Hammarsten has several times been able to verify, 
but the latter investigator seeks an explanation for this fact in the 
occasional presence of a second albuminous body, richer in sulphur, 
presumably serum-glob uKn, precipitable like casein by acids. Serum- 
globulin too, is readily soluble in excess of acid, even more so 
than casein, and hence by the acetic acid method of precipitation, 
which allows a far greater excess of acid, the casein would be much 
less liable to contamination by this hypothetical globulin than by the 
hydrochloric acid method. In this connection it may be well to 
notice that Musso and Menozzi* claim the presence in milk of a 
peculiar albuminous body containing 53*74 per cent. C, 15*52 per 



* Studien liber das Eiweiss der Milch. Jahresbericht fur Thierchemie, 1878, p. 139. 
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cent. N and 1*55 per cent. S, for which they claim a position 
midway between serum-albumin and casein. It can be partially pre- 
cipitated from fresh milk at ordinary temperatures by the addition of 
acetic acid. Further, Lebelien* has proved the presence in milk of a 
globulin-like body, lacto-globulin, which can be precipitated by satu- 
rating the fluid remaining after removal of the casein with sodium 
chloride, with magnesium sulphate. The substance appears to be 
identical with paraglobulin, and thus this fact, just discovered, would 
seem to confirm Hammarsten's theory as to the cause of the greater 
content of sulphur sometimes noticed in casein precipitated by hydro- 
chloric acid. 

Accepting then, Hammarsten's views as correct, it is obvious that 
casein precipitated by acetic acid, if not a single body, must be com- 
posed of two bodies, more or less alike and both precipitable by 
dilute acids. In attempting to settle this point definitely, Hammars- 
ten has sought by analysis of a large number of preparations made 
under different conditions, to obtain data as to the exact composition 
of casein variously prepared. Naturally in this connection, consider- 
able attention was paid to the content of sulphur, since, Danilewsky 
and Radenhausen's views being correct, variations in the content of 
sulphur would naturally be expected. If casein is a mixture of equal 
parts of caseoprotalbin and caseoalbumin with 1*13 per cent, and 
1*23 per cent, of sulphur, respectively, then casein itself would nat- 
urally contain 1*18 per cent, of sulphur; an amount somewhat higher 
than has been found heretofore. 

Recently, Dainlewskyf has modified his views somewhat, and now 
considers casein, as before, to be a mixture of two distinct bodies, 
but of nucleoalbumin with nucleoprotalbin instead of caseoalbumin 
and caseoprotalbin. As the reactions of these two bodies are appar- 
ently much the same as those given as characteristic of the caseo- 
bodies, this change of view appears to be mainly a change of name. 
Danilewsky still claims the ' correctness of the high content of sul- 
phur in casein and assumes that the variation in the results obtained 
by different workers is due simply to difference in the methods of 
determination, and that unquestionably pure casein contains over 1'0 
per cent, of sulphur. 

The content of sulphur in casein as determined 30-40 years ago by 



* Beitrag zur Kenntniss der Eiweisskorper der Kuhmilch. Jaliresbericht fur Thier- 
chemie, 1885, p. 184. 

f See Zeitsehrif t fur physiologische chemie, Band vii, p. 433. 
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Lchmann, Riihling, Volckel and others,* varies from 0*85 per cent, to 
1*10 per cent. Ritthausen,f from several analyses of the copper 
compound of casein, found a content of sulphur equivalent to 0*80- 
1*12 per cent, in the free casein. Schwarzenbach,J by a study of the 
platinum cyanide compound of casein, ascribed to casein itself a con- 
tent of 0*19-1*10 per cent, of sulphur. Hammarsten, however, found 
by analysis of eight distinct preparations of casein, some of which 
had been reprecipitated even teu times with acetic acid, a content 
of sulphur ranging from 0*619 per cent, to 0775 per cent.§ Later, 
Hammarsten I analyzed four other preparations of casein and each 
by six distinct methods. Omitting two or three results, which were 
altogether too low On account of inaccuracies in the method, Ham- 
marsten found in these different preparations of casein, as a result 
of twenty-nine distinct determinations by five different methods, 
0-798 per cent, as maximum, 0*726 per cent, as minimum, or 0*758 
per cent, as the average, content of sulphur. Taking, however, the 
results obtained by what Hammarsten considers as the more correct 
methods the average content of sulphur \i raised to 0*77-0*78 per 
cent. In no case did Hammarsten obtain results in any way con- 
firmatory of Danilewsky's views. Hammarsten further made a large 
number of phosphorus determinations, and these as well as the results 
obtained for carbon and nitrogen showed too little variation to war- 
rant the idea of a mixture of two bodies of unlike composition. 
While therefore, Haramarsten's results would seem to point conclu- 
sively to the unit-like nature of casein, we have, however, made quite 
a number of different preparations of the substance, both from fresh 
milk and from skimmed milk, with the idea of obtaining confirmatory 
data, with which to make direct comparisons between the composi- 
tion of casein and its primary cleavage products. 

Preparation and composition of Casein. 

The casein was precipitated in some cases by acetic and in others 
by hydrochloric acid. In both cases the acid used was very dilute, 

♦See Gmelin-Krauts' Handbuch der Organische Chemie, Band iv, Abtheilung, iii, 
1870, p. 2254. 

f H. Ritthausen und R. Pott, Untersuchungen fiber Verbindungen der Eiweisskorper 
mit Kupferoxyd. Journal fur prakt. Chemie, 1873, Band vii, p. 361. 

\ Annalen der Chem. u. Pharmacie, Band cxxxiii, p. 185. 

§Zeitschrift ffir physiologische Chemie, Band vii, p. 259. 

| Ueber den Gehalt des caseins an Schwefel und fiber die Bestimmung des Schwefels 
in Proteinsubstanzen. Zeitschrift fur physiologische chemie, Band ix, p. 273. 
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the hydrochloric acid being 0*2 per cent. In dissolving the casein 
for re-precipitation, a very dilate solution of ammonium hydrox- 
ide was employed ; in fact so dilate as to consist of hardly more than 
water with a trace of ammonia. We us_ed ammonia, in preference to 
sodium or potassium hydroxide, as this alkali would seem less liable 
to induce any alteration in the content' of sulphur. Further, in dis- 
solving the casein in ammonia, the solution at no time became more 
than very faintly, if at all alkaline ; usually being hardly more than 
neutral to test papers. 

The general method of procedure was to*dilute fresh cow's milk 
with about four volumes of water (skimmed milk diluted considerably 
less) and then to precipitate the casein with either hydrochloric or 
acetic acids, adding the precipitant cautiously, until complete precipi- 
tation was obtained. The precipitate was then washed as completely 
as possible with large quantities of water, both by decantation, tritura- 
tion with water in a mortar and on a cloth filter. The casein was 
then dissolved in the ammonia water, filtered through paper and 
reprecipitated, each time being thoroughly washed with water. In 
the portion used for analysis, the final precipitate was further washed 
with alcohol and ether and lastly soaked in a mixture of alcohol and 
ether for the more complete removal of any fat. The preparations 
were then dried in the air and lastly on a water bath at a gentle heat. 
When dry, they were powdered and extracted with boiling ether 
in a fat extractor for several hours, to insure complete freedom 
from fat. Ultimately, the products for analysis were dried at 105° C. 
in vacuo until of constant weight. 

In all, seven preparations of casein were made for analysis, as 
follows : 

No. I. From fresh milk, precipitated twice with hydrochloric acid. 

" II. From fresh milk, precipitated twice with acetic acid. 

" III. From skimmed milk, precipitated three times with acetic acid. 

IV. A portion of No. Ill, precipitated a fourth time with acetic acid. 

V. From skimmed milk, precipitated three times with hydrochloric 

acid. 
" VI. A portion of No. V, precipitated a fourth time with hydrochloric 

acid. 
" VII. From skimmed milk, precipitated four times with hydrochloric 

acid. 

The methods of analysis were essentially the same as those em- 
ployed by Ktihne and Chittenden in the analysis of the various albu- 
mose bodies. Carbon and hydrogen were determined by combus- 
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tion with oxygen in an open tube, the gases passing over a long layer 
of granular oxide of copper at a bright red heat, a layer of lead chro- 
mate at a dull red heat and a roll of freshly reduced metallic copper. 
Nitrogen was determined as nitrogen gas by combustion with oxide 
of copper, the gases passing over a long anterior layer of heated 
oxide, a short layer of metallic copper and a final layer of oxide of 
copper. The tube was exhausted with a Sprengel pump before and 
after the combustion and the nitrogen was collected in a Schiffs' azo- 
tometer, provided with a jacket tube for rapid cooling of the gas to a 
constant temperature. In the determination of sulphur and phospho- 
rus, the substance was fused with a mixture of potassium hydroxide 
and potassium nitrate (10 grams of the former and 1*5 grams of the 
latter) in a silver crucible, according to the method designated by 
Hammarsten * as 1 a. In order to economize time, a single fusion was 
made to serve for both a sulphur and phosphorus determination ; in 
other words, a sufficient amount of casein (usually 1*2 grams) was 
fused with potassium hydroxide and nitrate, the fused mass dis- 
solved in water, the solution made up to a known volume and then 
one-half, representing one-half of the original substance, was used for 
the sulphur, the other half for the phosphorus determination. Both 
the alkali and the nitrate were free from sulphur and phosphorus ; at 
least to such an extent that in a blank experiment, the resultant 
solutions gave no precipitate whatever, with either barium chloride 
or with molybdic solution. The oxidations were made at as low a 
temperature as possible, except towards the end when the temperature 
was raised, and occasionally a little more nitrate added, to facilitate 
complete oxidation. 

As the percentage of sulphur was quite an important point, we 
took particular pains to have the final acid fluid entirely free from 
nitrate and nitrite, as well as from any excess of hydrochloric acid, 
so as to avoid as much as possible any solvent action on the 
barium sulphate. For the determination of sulphur, therefore, the 
alkaline solution of the fused mass was acidified distinctly with hy- 
drochloric acid and the acid solution evaporated to perfect dryness 
on the water-bath. In this way the objectionable nitrate and nitrite 
were removed. The residue was then moistened with hydrochloric 
acid, taken up in water, and the solution allowed to stand until any 
chloride of silver present, had settled out. The fluid was then fil- 
tered and precipitated as usual with barium chloride. For phos- 

♦Zeitschnftfur physiologiscbe Chemie, Band ix, p. 289. 

Trans. Conn. Acad., Vol. VII. 47 Nov., 1886. 
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phorus, the alkaline fluid was acidified with nitric acid, evaporated 
to dryness, the residue dissolved in a little water acidified with nitric 
acid, filtered, and the phosphoric acid precipitated in the usual man- 
ner with ammonium molybdate. After standing 24 hours at 40° C. 
this precipitate was filtered off, dissolved in ammonium hydroxide 
and the phosphoric acid re-precipitated as ammonio magnesium phos- 
phate and ultimately weighed as magnesium pyrophosphate. The 
accompanying tables show the result* of the analyses of the different 
samples of casein. 

Comparing now the average composition of these different prepa- 
rations of casein, it is to be seen that they all show a very close 
agreement throughout. Thus the percentage of phosphorus in the 
seven preparations varies only from 0-84 to 0*89, sulphur from 0*75 
to 0*89, nitrogen from 15*75 to 16*08, hydrogen from 7*01 to 7*11 and 
carbon from 53*19 to 53*53 ; or leaving out one preparation which for 
some reason showed a high content of carbon, from 53*19 to 53*39 
per cent. The results therefore show a constancy in composition 
fully as marked as observed by Hammarsten and thus tend to confirm 
the latter in the view that casein is a single body of definite com- 
position. 

Comparing our results collectively, with those obtained by Ham- 
marsten (see table showing average composition), we find a fairly 
close agreement throughout, although minor differences are to be 
observed. First, all of our preparations show a content of carbon 
somewhat higher than found by Hammarsten. The latter investiga- 
tor found the carbon in his preparations to vary from 52*78 to 53*09 
per cent., while in all of our preparations, the content of carbon cal- 
culated to the ash-free substance is above 53 per cent. The possi- 
bility of our preparations still containing some fat was rendered 
improbable by the thorough treatment with ether which they had 
received, and further by the fact that the nitrogen in our preparations 
was also somewhat higher than found by Hammarsten. One of the 
preparations, however, with a high content of carbon, was extracted 
again for several hours with boiling ether, but on analysis the con- 
tent of carbon was found unchanged. The content of phosphorus 
agrees exactly with Hammarsten's results, while the sulphur is, on an 
average, 0*1 per cent, higher. There is nothing in the content of sul- 
phur, therefore, to even suggest confirmation of Danilewsky's views. 
The amount of ash in our preparations was somewhat larger than 
found by Hammarsten and further, there is no especial connection to 
be seen between the content of ash and the precipitant used; the 

Trans. Conn. Acad.. Yol. VII. 48 Nov., 1886. 
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amount in the acetic acid precipitate being fully as large as in the 
caseia precipitated by hydrochloric acid. 

Compared with Ritthausen's results (see table showing average 
composition), obtained by analysis of the copper compound of casein 
the percentage of carbon comes very much too high. It is question- 
able, however, how close a comparison should be drawn between 
indirect results obtained by analysis of a metallic compound of 
casein and those obtained by analysis of casein itself. 

In conclusion then, we must affirm that our results accord closely 
with those of Hammarsten's, while the two together make it very 
improbable that in casein we have to do with a substance composed 
of two bodies of unlike composition. 

Digestion of Casein and Formation of Cassoses. 

In the digestion of casein with pepsin-hydrochloric acid, the casein 
was prepared by precipitation and reprecipitation with acetic acid, 
and rendered as pure as possible by thorough washing with water. 
While still moist it was placed in 0*4 per cent, hydrochloric acid, as 
preliminary to its treatment with pepsin. Pure pepsin solution, free 
from peptone and albumose, was prepared from the mucous mem- 
brane of pig's stomachs by the method already described.* 

Digestion A. 

1300 grams of moist casein in 4 litres of 0*4 per cent* hydrochloric 
acid were brought to a temperature of 45° C. and 600 c.c. of pure 
pepsin solution added. The mixture was kept at a temperature of 
45* C. throughout the digestion. The casein began almost immedi- 
ately to swell up and in less than an hour the entire mixture was con- 
verted into a semi-solid, jelly-like mass. Thereupon, one litre more 
of 0-4 per cent, hydrochloric acid was added, together with a little 
more pepsin solution. At the end of three hours, the mixture was 
quite fluid, but contained considerable gelatinous matter in suspension. 
Neutralization of a filtered portion, produced no precipitate whatever. 
The addition of crystals of sodium chloride gave a heavy white pre- 
cipitate and the filtrate from this precipitate gave a further precipi- 
tate on the addition of acetic acid. At the end of four hours, the 
entire mixture was made neutral with sodium hydroxide and then 
filtered through paper. The undigested residue, when dry, amounted 
to about 30 or 40 grams. This residue of so-called casein dyspeptone> 



* See the preceding article ou egg-albumin and albumoses. 



174 Chittenden and Painter — Casein and its 

which appeared in every digestion in greater or less quantity, was 
apparently wholly insoluble in fresh portions of gastric juice and 
was similar in its reactions to the like-body previously described by 
Lubavin.* When fresh, it appeared as a more or less jelly-like 
mass, much like starch paste. It was readily soluble in dilute alkalies 
and precipitated by neutralization, but insoluble in excess of acid.. 
It was precipitated from its solution in dilute sodium hydroxide by 
addition of salt in substance. This body we did not attempt to 
study further, but hope to do so later. 

The filtrate from the undigested residue, when cold, was not per- 
fectly clear but became so on the application of a gentle heat. On 
boiling the solution, a very slight precipitate was formed. The addi- 
tion of acids, hydrochloric, nitric or acetic, either concentrated or 
dilute, caused a heavy white precipitate, not wholly soluble in excess 
of acid, even of concentrated hydrochloric. The precipitate was 
likewise more or less permanent when warmed or even boiled with 
the acid. In the filtrate from the precipitate produced by acetic 
acid, the addition of potassium ferrocyanide gave no precipitate. 
The precipitate produced by acids was readily soluble in dilute 
alkalies. On addition of nitric acid, of any strength, and the appli- 
cation of heat even to boiling, the mixture turned first rose color then 
reddish, and as the boiling was continued the color deepened and 
finally became brownish red. The change from rose color to brown 
also takes place in the cold. With concentrated nitric acid the color 
is nearer the yellow of the xanthoprotein reaction, but still shows 
plainly the brown or reddish tinge. 

For separation of the individual caseoses, the entire solution with- 
out being concentrated, was saturated with sodium chloride, by 
which an exceedingly heavy precipitate, more or less curdy, was 
obtained, which was finally filtered off and washed with saturated 
salt solution. The washing was made more thorough by grinding 
the mass with the salt solution in a mortar. This precipitate, by 
analogy, would naturally be composed mainly of a body correspond- 
ing to protoalbumose with possibly something corresponding to hete- 
roalbumose* The precipitate was washed thoroughly with saturated 
salt solution j dissolved in water, filtered, and again precipitated by 
saturation of *he fluid with sodium chloride. All of the substance, 
howevefc, 1 was not reprecipitated ; quite a little remained in the salt- 



* Ueber dfe Kunstliche Pepsin-Verdauung des caseins, etc., Hoppe-Seyler's Med. 
Chemisclio ITntersuchungen, p 467. 
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saturated fluid and was thrown down as a white curdy precipitate 
by the addition of a little acetic acid, evidently some protocaseose 
not precipitated by salt alone. The main precipitate of protocaseose, 
etc., twice precipitated by salt, was treated with 3 litres of 10 per 
cent, salt solution, the residue with 3 litres of 5 per cent, salt solution 
and the residue still remaining, with 3 litres of water. In this man- 
ner, all of the proto and heterocaseose was dissolved, leaving a 
small residue wholly insoluble in dilute salt solutions and in water; 
presumably dyscaseose. The latter, however, was in exceedingly 
small quantity. It was dissolved in 0'2 per cent, hydrochloric acid 
and reprecipitated by neutralization of the solution with sodium 

carbonate. 

• 

A. Protocaseose. 

The b and 10 per cent, salt solutions of protocaseose together with 
the aqueous solution, were united and the mixture saturated with 
sodium chloride. Here, as before, all of the protocaseose was not 
precipitated ; a portion remained in the filtrate and was precipitated 
only on the addition of a little acetic acid. The main portion of the 
protocaseose precipitated for the third time with salt in substance, 
was dissolved in water, the solution filtered and divided into two 
parts. One part was thymolized and dialyzed in running water 
until all chlorine was removed from the solution (Protocaseose A 1). 
The other part was again saturated with salt, the precipitate washed 
with saturated salt solution, then dissolved in water and like the 
former dialyzed until all chlorine was removed from the solution 
(Protocaseose A 2). In protocaseose 2, there was more evidence of 
the presence of a body resembling heteroalbumose than in No. 1 # 
Thus in No. 2, quite a little gummy substance separated from the 
solution on dialysis, but the amount even here was not large. When 
the dialysis was finished, both solutions were perfectly neutral to 
test papers and in both cases the protocaseose was separated from 
the clear fluid by evaporation and precipitation with alcohol. For 
analysis, both products were washed thoroughly with alcohol and 
ether and finallv dried at 105° C. in vacuo. 

Their composition is shown in the accompanying tables. 

As already stated, every time protocaseose was dissolved in water 
and reprecipitated by saturating the solution with sodium chloride, 
a certain amount of the subslance remained in solution, precipitable 
only on addition of a little acetic acid. Protocaseose precipi- 
tated from the salt-saturated solution in this manner by acetic acid, 
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was found to be quite different in its nature from protoalbumose or 
protoglobulose. The two latter undoubtedly combine with acetic 
acid, when precipitated from a salt-saturated fluid ; the compound, 
however, is readily and completely soluble in water. With proto- 
caseose on the other hand, acetic acid produces a precipitate, not 
only insoluble in the salt-saturated fluid, but also more or less insolu- 
ble in water containing a little acid. It is easily soluble in dilute 
alkali and alkali carbonate, and is not precipitated by neutralization 
with hydrochloric or acetic acid. Addition. of acid, however, beyond 
neutralization immediately causes precipitation of the caseose. 

Protocaseose once precipitated with salt and which on the second 
precipitation, failed to separate from the salt-saturated fluid, was 
precipitated by a little acetic acid, washed somewhat with water, 
dissolved in very dilute sodium carbonate solution, neutralized and 
then dialyzed in running water for nearly a week. The solution 
was then perfectly neutral to test papers and was likewise perfectly 
clear. It was evaporated to a syrup and the caseose precipitated 
by alcohol. After being washed with alcohol and ether, it was 
dried at 105° C. in vacuo until of constant weight, and then analyzed 
with the following results : 

Protocaseose A 3. 

I. 0*8703 gram substance gave 0*2160 gram H a O = 6*48 per cent. H and 
0-6500 gram CO, =4786 per cent. C. 

II. 0-4200 gram gave 50-9 c. c. N at 21-2° C. and 765-0« rim pressure = 14*21 
per cent. N. 

III. 0-7053 gram fused with KOH and KNO s gave 00418 gram BaSO* 
= 0*81 per cent. S. 

IV. 0*4076 gram gave 0886 gram ash as 9*47 per cent. 

The ash-free substance therefore contained 

52*59£ C. 7*17* H. 15*70£N. 0-90£ S. 

Like all of the caseose bodies, this contained a large percentage of 
ash in spite of its long continued dialysis. The ash was mainly cal- 
cium phosphate with some oxide of iron, obtained in part doubtless 
from the salt used in precipitation. It is not difficult to see how 
protocaseose, precipitated by salt alone, should take up and retain 
semi-mechanically considerable inorganic matter. But in the pres- 
ent case, where the great mass of the albuminous substance has been 
precipitated by the salt added, it seems somewhat surprising that 
the caseose should separate from the clear fluid in the presence of 
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considerable acetic acid with such a large percentage of adherent 
mineral matter, unless the latter is chemically combined with the 
albuminous substance. Oft-repeated and long continued dialysis 
appears to have but little influence in diminishing the amount of this 
impurity. Our experience has taught us that where the caseoses 
have once been brought in contact with lime salts, reprecipitation 
and other methods of purification avail but little. 

But very little heterocaseose was found in this digestion, not as 
much as was found in some of the others, later on. Still, during the 
first dialysis of the protocaseose, some little heterocaseose separated 
from the fluid, as the last traces of salt dialyzed out. 

A. Deuterocaseose. 

Deuterocaseose was separated from the filtrate from the first sodium 
chloride precipitate of protocaseose, by acetic acid. As a study of the 
reactions of protocaseose had shown plainly that this body is never 
completely precipitated by salt alone, a little acetic acid was added 
to the salt-saturated filtrate, and the precipitate, presumably a mix- 
ture of proto and deuterocaseose, thrown away. The remaining deu- 
terocaseose was then precipitated by adding about 200 c.c. of a salt- 
saturated acetic acid (30 per cent, acetic acid) to the fluid. The total 
volume of the mixture was nearly 16 litres. In this manner an abund- 
ance of a finely divided precipitate was obtained, which at first, seemed 
insoluble in water and in dilute sodium chloride. It was readily soluble 
in water containing a trace of alkali and was not precipitated by 
neutralization. On being washed, however, with, a saturated salt 
solution for some time, the washings were found to have dissolved 
considerable of the substance, which could be precipitated from the 
solution by strong acetic acid. Further, after being washed with 
salt solution, the substance remaining appeared quite noticeably solu- 
ble in water. Evidently then, this body on being washed more 
or less free from acid, becomes soluble in water to a certain extent, 
its aqueous solution then giving a strong reaction with acetic acid 
and potassium ferrocyanide. The great bulk of the precipitate was 
therefore washed with saturated salt solution until the washings were 
nearly free from acid ; then, having become partially soluble in water, 
it was placed in about 2 litres of water, the solution ultimately 
saturated with sodium chloride and the caseose again precipitated 
by addition of about 20 c. c. of acetic acid. This second precipi- 
tate was washed somewhat with salt solution and finally with a 
large volume of water. At first, the washings gave no reaction with 

Trans. Conn. Acad., Vol, VII. 49 Nov., 1886. 
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acetic acid and potassium ferrocyanide, bat later on, these reagents 
gave a heavy precipitate, showing plainly that the substance was 
dissolving. The entire precipitate was thereupon dissolved in very 
dilute sodium carbonate, the solution made exactly neutral with 
hydroohloric acid and then dialyzed. After remaining in the dial- 
yzers for nearly a week the fluid was removed, filtered from some 
heterocaseose which had separated, evaporated to a syrup on 
the water-bath and precipitated with alcohol. This precipitate 
was re-dissolved in water, the solution made exactly neutral to 
test papers and again dialyzed. From this solution, the caseose 
was finally precipitated by alcohol, after suitable concentration of 
the fluid, washed with alcohol and ether and dried at 105° C. 
in vacuo. The final solution, prior to precipitation by alcohol, 
was perfectly neutral and quite clear, showing no evidence of the 
presence of any heterocaseose. 

The composition of the substance is shown in the accompanying 
table. 

Digestion P. 

In this digestion, 750 grams of freshly prepared casein were mixed 
with 4 litres of 0-4 per cent, hydrochloric acid, the mixture warmed 
at 45° C, and then 800 c. c. of pure pepsin solution added. The mix- 
ture was warmed at the above temperature for one hour and a half, 
then neutralized and filtered, and the clear filtrate saturated with 
sodium chloride. This precipitate, as in the preceding digestion, 
was washed thoroughly with saturated salt solution, then succes- 
sively extracted with 10 and 5 per cent, salt solution and finally 
with water, leaving a small residue of dyscaseose soluble only in 
0*2 per cent, hydrochloric acid. The united filtrates, containing 
proto and heterocaseose, were again precipitated with salt and then 
treated as described under protocaseose B. 

P. Protocaseose. 

The protocaseose formed in this digestion and twice precipitated 
by salt, was dissolved again in water, filtered through paper and 
then dialyzed until no chlorine reaction could be obtained with 
silver nitrate. Quite a little heterocaseose separated from the solu- 
tion during dialysis, which was removed by filtration. The fluid 
was then concentrated, the substance precipitated by alcohol, again 
dissolved in water and dialyzed. This time, as no heterocaseose 
separated from the fluid, the solution was concentrated, precipitated 
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with alcohol and the substance finally dried at 105° C. in vacuo 
(Protocaseose B 1). Its composition is shown in the accompanying 
table. 

Such portion of the protocaseose as was not precipitated the 
second time by salt alone, was precipitated by a little acetic acid. 
At first, the precipitated substance was insoluble in water (no reac- 
tion with acetic acid and potassium ferrocyanide), but after being 
washed with salt solution until the acid reaction had nearly disap- 
peared, it then dissolved quite appreciably in water, as evidenced by 
the reaction with acetic acid and potassium, ferrocyanide. The bulk 
of the precipitate, after being washed, was dissolved in a little very 
dilute sodium carbonate, the solution made exactly neutral with 
hydrochloric acid and then dialyzed until all chlorine was removed 
from the solution. The caseose, after concentration of the solution, 
was precipitated by alcohol, washed with alcohol and ether and 
finally dried at 105° C. in vacuo. The composition of the substance 
(Protocaseose B 2) is shown in the accompanying table. 

B. Deuterocaseose. 

Deuterocaseose was separated from the filtrate from the first 
sodium chloride precipitate, in the same manner as in the preceding 
digestion. Like A. deuterocaseose, this precipitate was at first in- 
soluble in salt solution and in water, but after being washed for 
some time with saturated salt solution, it was found to be gradually 
dissolved, as shown by the rapid disappearance of the precipitate 
and the pronounced reaction with acetic acid and potassium ferrocy- 
anide in the wash-fluid. Evidently the acid is easily removed from 
the compound by simple washing and when that has been effected, 
the substance becomes soluble, or else the acid compound is more 
insoluble in water containing a little free acid, than in water or 
salt solution alone. Hydrochloric acid and acetic acid seem to 
act alike. The substance is readily soluble in dilute sodium car- 
bonate and is not precipitated by neutralization, but is quickly 
thrown down by a slight excess of hydrochloric or acetic acid. This 
compound was not analyzed, but was used in studying the reactions 
to be described later. 

Digestion C. 

In both of the preceding digestions, the products formed resulted 
from the action, of an exceedingly vigorous pepsin mixture. In the 
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present case, the pepsin solution employed was much weaker and the 
pepsin-casein mixture was warmed at 45° C. for several days instead 
of hours. 

750 grams of casein were employed and 4 litres of 0*4 per cent, 
hydrochloric acid, to which was added a reasonable amount of pure 
pepsin solution. About an hour after the addition of the latter the 
mass began to gelatinize, and at the end, of 18 hours the whole mix- 
ture was a perfectly stiff jelly. Thereupon, 2 litres more of 0*4 per 
cent, acid were added together with a little pepsin. The mixture was 
then kept at 40-45° C. for three days longer. Quite a large residue 
of undigested matter remained, semi-gelatinous and soluble only in 
alkalies. The mixture was then neutralized and filtered. The 
filtrate contained considerable caseose, as evidenced by the heavy 
precipitate obtained on saturating a portion with sodium chloride. 
In the preceding digestions, the caseoses were separated directly 
from the dilute solutions, without previous concentration, thereby 
avoiding any possible change due to the action of heat. In the pre- 
sent case, however, the perfectly neutral solution was evaporated to 
a small volume and then all of the caseoses were directly precipitated 
by saturating the fluid with ammonium sulphate. The precipitate 
produced was exceedingly gummy, but was washed as thoroughly 
as possible by trituration with a saturated solution of ammonium 
sulphate. The caseoses were then dissolved in water, the solution 
filtered from the small residue of insoluble matter and saturated 
with sodium chloride. The protocaseose so separated was freed from 
heterocaseose, etc. by repeated precipitation and dialysis. 

Carbon and hydrogen were determined in a portion of the dried 
substance (Protocaseose C 1) with the following results : 

I. 0-5107 gram substance gave 0-3101 gram H a O=6*74 per cent. H and 
0-9386 gram CO a =50-ll per cent C. 
n. 0*4038 gram gave 0*0194 gram ash = 4*80 per cent. 

The ash-free substance would, therefore, contain 52*64 per cent, of 
carbon and 7*08 per cent, of hydrogen. 

In the filtrate from the first salt precipitate, the protocaseose re- 
maining was precipitated by the addition of a little salt-saturated 
acetic acid. The precipitate after being washed was dissolved in a 
little dilute sodium carbonate, the solution neutralized and dialyzed. 

As no heterocaseose separated from the solution, it was concen- 
trated and then precipitated by alcohol. After purification by re- 
solution, dialysis, etc., it was dried at 105° C. in vacuo and analyzed 
with the results shown in the accompanying table (Protocaseose C 2). 
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Deuterocaseose was then separated from the filtrate from the acetic 
acid precipitate, by saturation of the fluid with ammonium sulphate, 
as recommended by Neumeister* for deuteroalbumose. It was then 
purified by dialysis, etc., and its reactions carefully studied. So far 
as we could see, it differed from deuterocaseose A and B in two 
respects only, but these points showed so marked a difference it 
was plainly evident that the deuterocaseose separated by ammo- 
nium sulphate was quite different from deuterocaseose A, separated 
by acetic acid. Thus deutero C was not precipitated at all in an 
aqueous solution by acetic acid, nor by acetic acid and potassium 
ferrocyanide, neither was its aqueous solution precipitated by cupric 
sulphate. The significance of these points of difference will be dis- 
cussed later on. After studying the reactions, there was not enough 
substance remaining for analysis. 

Digestion D. 

In this digestion, 2 kilos of freshly prepared casein were used, 
together with 6 litres of 0*4 per cent, hydrochloric acid and an appro- 
priate quantity of strong pepsin solution. The mixture was warmed 
at 45° C. for five hours, then neutralized and filtered from the semi- 
gelatinous residue. 

D. Protocaseose. 

The neutral fluid was concentrated to about \\ litres and then 
filtered from the slight flocculent precipitate which had formed. 
Saturation of the fluid with sodium chloride gave an exceedingly 
heavy precipitate, somewhat more gummy than usual. The entire 
fluid, however, was only partially saturated with salt, with a view 
to see whether the precipitate produced in this manner would agree 
wholly with the precipitate produced on complete saturation. Thus 
a fractional precipitation was made, in which the first fraction 
represents that portion of the caseose precipitated by about two- 
thirds saturation of the fluid with salt. This precipitate was there- 
fore filtered off, washed as usual, dissolved in water and re-precipi- 
tated with salt. As dyscaseose was generally found only in traces, 
the precipitate, after being washed, was dissolved at once in water 
and dialyzed until all chlorine was removed from the solution. On 
opening the dialyzing tubes, quite a large quantity of heterocaseose 
was found adherent to the sides of the paper. The clear solution of 



* See Zeitschrift fur Biologie,. Band xxiii, p. 381. 
Trans. Conn. Acad., Vol. VII. 50 Nov., 1886. 
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protocaseose was concentrated, precipitated with alcohol, the precipi- 
tate dissolved in water, again precipitated with salt in substance, the 
precipitate dialyzed, this time without showing any heterocaseose, 
and finally precipitated with alcohol, washed with alcohol and ether 
and dried at 105° C. in vacuo (Protocaseose Dl). The product was 
analyzed with the results shown in the preceding table. 

On adding more sodium chloride to the first filtrate from the above 
precipitate, thereby completely saturating the solution, a second 
precipitate of protocaseose was obtained, which was purified in the 
same manner as the preceding preparation. The only difference 
noticed while purifying the substance was that, on dialysis, nothing 
corresponding to heterocaseose separated from the fluid. After final 
washing with alcohol and ether, the substance was analyzed with the 
results shown in the accompanying table (Protocaseose D 2). 

The difference in the results will be discussed later on. 

The original salt-saturated filtrate was precipitated with a little 
acetic acid, and the protocaseose so precipitated dissolved in dilute 
sodium carbonate. The solution was then neutralized and dialyzed 
in running water until all chlorine was removed. The substance was 
then separated by precipitation with alcohol, and ultimately purified 
as described previously (Protocaseose D 3). The addition of a little 
more acetic acid to the acetic acid and salt-saturated filtrate from the 
above, gave a still further precipitate of caseose ; presumably proto- 
caseose with perhaps a trace of deuterocaseose, which was filtered 
off, washed with saturated salt solution and then freed from acid and 
purified in the same manner as the preceding preparation (Proto- 
caseose D 4). 

The two last products, after being dried at 105° C. in vacuo, were 
analyzed with the results shown in the following tables. 

Comparing these two tables, it is seen that the difference in per- 
centage composition of the two ash-free substances is not very great, 
and taking into consideration the large percentage of ash, it is proba- 
ble that the two latter precipitates have approximately the same 
composition. 

D. Deuterocaseose. 

The filtrate, from which certainly all protocaseose had been re- 
moved by acetic acid, and in fact nearly everything precipitable by 
acid from the salt-saturated fluid, was treated with ammonium 
sulphate in substance. A gummy precipitate resulted, which natu- 
rally enclosed considerable salt, and which for purification was dis- 
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solved in water and dialyzed until the greater portion of the salt was 
removed. The solution was then concentrated and the substance 
reprecipitated by saturating the neutral solution with ammonium 
sulphate. This precipitate, after solution in water, was then dialyzed 
until all of the ammonium sulphate was removed, after which the 
solution was concentrated and precipitated with alcohol. When 
dry, the substance gave by analysis the results shown in the accom- 
panying table. 

This body differs from all of the preceding preparations, in that it 
is not precipitated from an aqueous solution by acetic acid. Neither 
is it precipitated at all by the addition of salt in substance ; but the 
addition of a little acetic acid to the salt-saturated fluid gives a heavy 
precipitate which, however, does not represent all of the deutero- 
caseose, since the filtrate gives an additional precipitate with 
ammonium sulphate. Apparently about one-half of the substance is 
precipitated by acetic acid. Further, the acetic acid precipitate 
in this case differs from the protocaseose precipitate with acid, in that 
it is readily and completely soluble in water. This body, therefore, 
which certainly must represent pure deuterocaseose, shows a close 
resemblance to the pure deuteroalbumose separated by Neumeister. 
Like the latter, it does not give any precipitate whatever with cupric 
sulphate nor with ferric chloride and only the faintest turbidity with 
acetic acid and potassium ferrocyanide. 

D. Heterocaseose. 

In each digestion, evidence was obtained at various points in the 
process of separation, noticeably on dialysis of the first protoalbumose 
precipitate, of the presence of a body insoluble in water but soluble 
in dilute sodium chloride solution. The quantity of the sub- 
stance, however, was in most cases exceedingly small, so much so 
that nothing more than a few reactions could be tried with it. In 
the present digestion, however, the amount was somewhat larger, 
and sufficed for a partial analysis. The substance was obtained as a 
more or less gummy residue, on dialysis of protoalbumose 1. 
It was purified by solution in 10 per cent, sodium chloride and 
separation by dialysis. Like heteroalbumose, the whole of the 
substance was not now soluble in salt solution, for a portion had 
apparently been converted into a body resembling dysalbumose, 
insoluble in salt solution but soluble in 0'2 per cent, hydrochloric 
acid. 
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Analysis of the dried substance gave the following results : 

I. 0-4011 gram substance gave 0*3463 gram H«0=6*82 per cent. H and 
0*7434 gram CO,=50*54 per cent. C. 

II. 0-4287 gram gave 53*6 c. c. N at 18-6° C. and 7601 mm. pressure 
=14*70 per cent. N. 

III. 0-4118 gram gave 0*0256 gram ash =?6*21 per cent. 

The ash-free substance would therefore contain 

58*88 per cent. C, 7*27 per cent. H, 15*67 per cent. N. 

Reactions of the caseoses. 

Under this head little need be said. The reactions characteristic 
of the albumose bodies in general will apply here. Certain differ- 
ences, however, have already appeared in our description of the 
processes incident to separation of the caseoses. Protocaseose, 
unlike protoalbumose, is precipitated from an aqueous solution by 
acetic acid. The precipitation, however, is not complete; satura- 
tion of the acid filtrate with sodium chloride, invariably gives an 
additional precipitate which is the heavier of the two. Further, 
long-continued washing of the acid precipitate with water or salt 
solution appears to partially remove the acid from the caseose body. 
Protocaseose is likewise precipitated from an aqueous solution by 
hydrochloric, nitric and sulphuric acids ; the precipitate, however, is 
far less soluble in excess of sulphuric or nitric acid than in excess of 
the other two acids. In very dilute acids, protocaseose is soluble 
and is partially precipitated by addition of stronger acid of the 
same kind ; thus the substance is readily soluble in 0*4 per cent, 
hydrochloric acid, from which solution it is precipitated by the addi- 
tion of a little concentrated acid, this precipitate dissolving on the 
addition of more acid. Evidently then, protocaseose as fast as 
formed by the action of pepsin-hydrochloric acid, would dissolve in 
the acid gastric juice and not be mixed with the jelly-like insoluble 
residue. Boiled with dilute or strong acid, protocaseose is appar- 
ently not changed ; at least no precipitate is obtained on neutraliza- 
tion of the acid fluid. The acetic acid solution of protocaseose gives 
a very heavy precipitate with potassium ferrocyanide. In an aque- 
ous solution of the substance, cupric sulphate gives a heavy curd-like 
precipitate, while ferric chloride gives a similar precipitate read- 
ily soluble in excess of the precipitant. Like protoalbumose, proto- 
caseose is precipitated by saturation of its aqueous solution with 
sodium chloride, but never completely ; there always remains in the 

Trans. Conn. Acad., Vol. YII. 51 March, 1887. 
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filtrate, a portion of the substance precipitable only on addition 
of acetic acid. 

Of the several preparations of deuterocaseose, those precipitated 
by ammonium sulphate are evidently the only ones perfectly pure. 
Further, it is evident that this substance can be obtained pure only 
by complete removal of all protocaseose from the solution, which 
implies precipitation of a large portion of the deuterocaseose also, 
and then precipitation of the small amount of deutero remaining, by 
saturation of the fluid with ammonium sulphate. D deutero, pre- 
pared in this manner, shows several very marked points of differ- 
ence from protocaseose. In the first place, it is not precipitated in 
an aqueous solution by acetic acid. Further, the addition of potas- 
sium ferrocyanide to a solution acidified with acetic acid gives no 
precipitate whatever. Cupric sulphate and ferric chloride both fail 
to produce any precipitate in an aqueous solution. Pure deutero- 
caseose, as already mentioned, is not precipitated by saturation of 
its aqueous solution with sodium chloride ; addition of acetic acid, 
however, to the salt-saturated solution gives a heavy precipitate, 
which represents perhaps half of the deutero, the remainder of 
which is precipitated only by saturation of the fluid with ammonium 
sulphate. It is thus evident that in the precipitation of protocaseose 
from a salt-saturated solution by acetic acid, more or less deuteroca- 
seose will be likewise precipitated, the amount depending probably 
on the concentration of the solution and other minor circumstances. 
Hence, A deutero is unquestionably contaminated with some proto- 
caseose, and on the other hand protocaseose D 3 and 4, and perhaps 
protocaseose C 2, without doubt contain some deuterocaseose. That 
A deutero contains some protocaseose, is evident from the fact that 
it gives a precipitate with cupric sulphate, and further its aqueous 
solution is rendered decidedly turbid by acetic acid. Moreover, the 
protocaseose precipitated by acetic acid, and which may contain 
some deutero, appears to differ in one or two respects from either 
proto or deuterocaseose. Thus, an aqueous solution of the purified 
substance is precipitated like pure protocaseose by acetic acid, but 
the precipitate is only partially soluble in excess of the acid and 
even that requires a large excess. 

With nitric acid, pure deuterocaseose gives no precipitate, but on 
warming the solution the xanthoprotein reaction comes out strongly. 

Composition of the caseoses and their relation to casein. 

In studying the composition of the various caseoses we have been 
hampered by the large percentage of ash invariably present in all of 
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Table showing relative composition of the Caseoses. 



Protocaseo8e. 



A 1 NaCl precipitate. 



A2 



i« 



«< 



A 3 Acetic acid precipitate. 

B 1 NaCl precipitate 

B 2 Acetic acid precipitate. 

C INaCI precipitate 

C 2 Acetic acid precipitate. 
D 1 NaCl precipitate 



D2 



a 



n 



D 3 Acetic acid precipitate. 



D4 



a 



a 



tt 



Deuterocaseose. 



A. Acetic acid precipitate. . 
D. (NH 4 ) a S0 4 

Heterocaseose. 
D 



Casein. 
Average of Nos. I- VII _ _ 



C 
52-50 

« 

53-85 
52-59 
52-91 
52-43 
52-64 
51-78 
53-93 
52-84 
52-05 
52-88 

51-59 
51-79 

53-88 

53*30 



H' 
7-15 
7-21 
7-17 
7-06 
7-01 
7-08 
7-15 
7-17 
7-10 
7-13 
7-07 

6-98 
7-05 

7-27 

7-07 



N 
15-73 
15-84 
15-70 
15-65 
16-19 

15-85 
16-05 
15-86 
16-12 
16-13 

15-73 
16-00 

15-67 

15-91 



S 
0-96 
0-98 
0-90 
0-90 
0-90 

0-79 

0-85 
1-04 
1-06 
0-98 

0-75 
1-17 



O 
23-66 
22-12 
23-64 
23-48 
28-47 

24-48 
22 00 
2316 
23-64 
22-94 

25-03 
23-99 



0-82 



22-03 
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the preparations. We have already commented on the difficulty, in 
fact, impossibility, of removing certain inorganic salts after they 
have once been brought in contact with a caseose body. Repeated 
precipitation appears to affect the percentage of ash but little. The 
reason for the large percentage of ash lies in the precipitation of the 
caseoses from such large volumes of fluid. We thought it unwise at 
first, to expose the bodies to the long continued evaporation neces- 
sary for precipitation with a small amount of salt. To avoid the 
possible danger of change, therefore, the large volumes of fluid 
resulting from the several digestions were saturated directly with 
salt, and as this involved the use of large quantities, calcium salts 
and some iron as impurities in the sodium chloride, were unavoid- 
ably introduced. These, the caseoses seemed at once to catch hold 
of and retain, in spite of oft-repeated purification. In the digestion 
Z), in which the fluid was concentrated somewhat before precipita 
tion, the percentage of ash is seen to be somewhat smaller than in 
preparations from the other digestions. 

In comparing the composition of the individual protocaseoses (see 
the accompanying table) it is seen that two of the bodies show a 
content of carbon somewhat higher than casein itself, while the 
average of all the others, with one exception, shows a content of 
carbon a little lower than casein. Leaving out the ascetic acid pre- 
cipitate C 2, the average of the remaining ten preparations of proto- 
caseose shows the following composition for this substance : 

G 

Protocaseose 52*89 

Casein 5380 

Plainly, the average of our results would indicate that protocaseose 
does not differ essentially in composition, from the casein from which 
it is formed. A slightly smaller content of carbon is the only notice- 
able difference. To be sure the individual results show noticeable 

• 

variation in the percentage of carbon, but bearing in mind the large 
amount of ash present in the preparations, it is evident that the aver- 
age result is of more value than the results obtained in any one case. 
As to the lower content of carbon in so-called protocaseose C 2, it is 
probable that this body is composed mainly of deuterocaseose. The 
two caseoses being precipitated together in this digestion by ammo- 
nium sulphate and then separated afterwards from a fairly concen- 
trated solution by saturation with salt and addition of acetic acid, 
renders it probable that the protocaseose was more completely precip- 
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itated than usual by salt alone ; and further, it is probable that 
on addition of acetic acid to the concentrated and salt-saturated 
fluid, a much larger proportion of deuterocaseose was precip- 
itated. In confirmation of this view it was noticed that the 
amount of deuterocaseose obtained by the later precipitation with 
ammonium sulphate was quite small ; far smaller proportionally than 
obtained in D. That the body contained some protocaseose, was 
evident from its reaction with cupric sulphate and with acetic acid. 

Pure deuterocaseose evidently contains a smaller content of car- 
bon than protocaseose. It is equally evident that it is a body 
further removed from casein than protocaseose. Its general reac- 
tions show a closer relationship to peptone than to casein or the 
proto-body. Heterocaseose, on the other hand, judging from 
analysis of a single preparation, contains fully as much if not more 
carbon than casein itself. 

Nearly all of the caseoses show a somewhat higher percentage of 
sulphur than casein, but probably the increase (0*1 per cent.) is due 
mainly to a trace of sulphate in the ash, not accounted for. Owing 
to the large amount of phosphate in the ash of the different prepara- 
tions, phosphorus was sought for only twice. In both of these, how- 
ever (protocaseose D 1 and deuterocaseose D), the phosphorus in the 
ash was the exact equivalent of the total phosphorus found after 
fusion with potassium hydroxide and nitrate. This might indicate 
that in the cleavage of casein with pepsin-hydrochloric acid, the 
phosphorus of the casein is removed in the form of a phosphorized 
body, leaving the thus non-phosphorized matter to break down into 
the caseoses. With this thought in mind, we propose to study later 
the nature and composition of the insoluble, serai-gelatinous body 
separated in the first stage of digestion. We also hope to extend 
our work by a study of Weyl's commercial " casein-peptone," pre- 
liminary examination of which has shown us the presence in large 
quantities of caseoses. In this way and by a somewhat different 
method of isolating the individual caseoses, we hope to verify our 
present work and at the same time obtain products comparatively 
free from ash, with which to establish beyond question the composi- 
tion of the caseoses. We are also occupied in a study of pure casein- 
peptone, purified according to the method made use of by Kuhne 
and Chittenden in the study of fibrin-peptone. 



Influence op Some Organic and Inorganic Substances on 
Gas Metabolism. By R. H. Chittenden and G. W. Cum- 
mins, Ph.B. 

While much time has been spent during the past few years in 
studying the influence of various substances on proteid metabolism, 
far less attention has been paid to the effects of these substances on 
the consumption of oxygen and the elimination of carbonic acid. 
Naturally in studying the influence of any substance on the nutrition 
of the body, we need to know not only its action on the excretion' of 
nitrogen but also its influence on the production of carbonic acid. In 
this way only can we arrive at a true understanding of the influence 
of the substance on total metabolism, and obtain the necessary data 
from which to draw conclusions as to its influence on the consump- 
tion of either nitrogenous or non-nitrogenous matter. The difficulties, 
however, in the way of carrying on consecutive determinations of the 
relative amount of carbonic acid eliminated by the lungs are consid- 
erable, and in the absence of the necessary respiration apparatus, the 
difficulties are greatly increased. We have, however, endeavored to 
carry on some experiments in this direction, and although lacking 
the ordinary apparatus we have still been able with the means at our 
disposal to obtain some interesting results, a portion of which are 
simply confirmatory of previous work, while others are wholly new. 

The apparatus employed in measuring the amount of carbonic acid 
eliminated is shown in the accompanying illustration (see Plate). The 
chamber in which the animal was placed during the experiment, was a 
bell jar of 32 litres capacity, with ground edge fitting closely upon a 
smooth glass plate. This when coated with grease made a perfectly 
tight joint, but in order to avoid any possibility of error, the jar and 
plate were placed in a shallowpan of galvanized iron, and water poured 
in to the depth of 2-3 inches, thus insuring a perfectly air-tight joint. 
In the top of the bell jar was an opening, closed with a doubly perfor- 
ated rubber stopper, through which passed two tubes ; one bringing 
air into the chamber, the other carrying it to the absorption apparatus. 
The inlet tube (to the left of the figure) was prolonged so as to admit 
the air nearly at the bottom of the jar, while the outlet tube came 
just through the stopper, thus insuring a perfect circulation of air. 
Air was drawn through the chamber by means of three aspirators, 
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two of which had a capacity of 15 litres and one of 7£ litres. The 
three aspirators working together would therefore draw through the 
chamber 37£ litres of air at every filling, and the flow was so regulated 
that 30 minutes were required to draw that amount of air through 
the apparatus. The flow of water from the aspirators was quite regu- 
lar, since the inlet tubes went to the bottom and the air had to 
bubble up through the water, as the latter ran out, on the principle 
of Mariotte's bottle. The rate of flow was regulated by carefully 
changing the difference in height between the inlet tube (for air) of 
the aspirator and the outlet tube (for water). This of course, at the 
outset, was a tedious operation, but when once perfected and the 
apparatus permanently set up, the three aspirators ran exactly to- 
gether, with a maximum variation of 15 seconds for the half-hour, 
which variation, however, was seldom observed. In addition, each 
aspirator was marked off into eight divisions, the last one of which 
was equal to only one-half of the others. In the two large aspirators 
these divisions indicated exactly the same volume, while in the small 
aspirator the divisions represented half the capacity of the former ; 
but the flow of water in the latter was regulated to consume the 
same amount of time as in the former. Hence four minutes were 
required for the water to flow by each of the first seven divisions, 
and two minutes for the last, making a total of thirty minutes for the 
entire volume of water to flow from each aspirator. 

The tube drawing the respired air from the chamber in which the 
animal was enclosed, was divided a short distance from the chamber, 
as seen in the figure, and two-fifths of the mixed air was drawn 
successively through three absorption i;ubes filled with a standard 
solution of barium hydroxide for absorption of the carbonic acid. 
The absorption tubes were about two-thirds of a metre long and the 
lower tube (a) contained 100 c. c. of a standard baryta solution, the 
middle tube (b) also 100 c. c. of the solution, and the upper tube (c) 
50 c. c. The amount of carbonic acid absorbed was, at the end of the 
experiment, determined by titration with a standard solution of oxalic 
acid, using phenol-thalein as an indicator. Two titrations were made, 
one of the contents of tube a and one of the contents of the two tubes 
b and c. By using the three tubes, absorption of the carbonic 
acid was quite complete. In order to aid absorption, the air was 
broken into small bubbles by being forced through a small tube dip- 
ping beneath the barium hydroxide. Frequent blank experiments 
showed that all of the connections were perfectly tight, and further, 
all of the tubes being in the same position, that the flow of water 
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from each aspirator was perfectly uniform, and that the aspirators 
could be relied upon to draw the given volume of air through the 
apparatus in the time designated without any appreciable variation. 
In addition, the two-fifths drawn through the absorption tubes for 
determination of the carbonic acid was always exactly two-fifths of the 
aspirated air; since the aspirators, as already remarked, worked with 
perfect uniformity. Any tendency to variation, either in the time, 
or in the action of the individual aspirators, was noticed at the 
very outset of the experiment, as the water reached the level of the 
different marks on the aspirators, and could be at once checked or 
controlled by moving slightly the water outlet tube so as to either 
increase or diminish the difference in height between the latter and 
the inlet tube for air. Theoretically, variations in the temperature of 
the water in the aspirators might affect somewhat the volume of air 
analyzed, but a constant determination of the temperature of the 
water showed such slight variations that they did not seem to justify 
us in making any corrections for possible change in the amount of air 
* aspirated. Naturally, all of the supports for the three absorption 
tubes were permanently placed, so that there could be no change of 
position ; the tubes themselves placed in the same position in the 
holders ; the volumes of baryta solution invariably the same, so as not 
to increase or decrease the pressure to be overcome ; and lastly the 
aspirator tubes and stoppers fastened so as not to admit of any change. 
With these precautions, the results obtained, both as to the volume 
aspirated and the time consumed, were quite satisfactory. 

A 8 already mentioned, the total capacity of the three aspirators 
was 37£ litres or 5£ litres more than the capacity of the bell jar. 
This amount of air drawn through the chamber in 30 minutes, was 
more than enough to supply the largest rabbit experimented on, with 
the necessary amount of oxygen. But there must have been a slight 
accumulation of carbonic acid in the air of the chamber ; this, how- 
ever, was a constant factor throughout the experiments. Further, 
the results obtained, expressed in milligrams of CO a , do not represent 
the total amount of carbonic acid eliminated by the rabbit during 
the thirty minutes of the experiment, but simply the amount of CO a 
contained in the 37£ litres of air aspirated during that time. Such a 
result, however, ought certainly to show just as plainly any influence 
on the elimination of carbonic acid, as a determination of absolute 
quantity and thus be equally valuable as an indication of influence or 
lack of influence on the gas metabolism of the body. Further, the 
results thus obtained ought to express equally as well, the comparative 
action of the various substances experimented with. 
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In every experiment, the time at which the animal was introduced 
into the bell jar was exactly noted and then two minutes were allowed 
before starting the aspirators, to make all of the connections properly. 
The rabbit was therefore under the bell jar, in each determination of 
carbonic acid, for exactly thirty-two minutes. The aspirators were 
started simultaneously and their progress carefully watched, in order 
to check any slight irregularity that might show itself. 

The animals experimented with were wholly rabbits, and prelimi- 
nary trials showed us plainly that it was very necessary to have 
them in a condition of hunger during the experiment, in order to 
avoid the irregularities incident to change in digestion. Further, 
we soon found that this was best accomplished by depriving the 
animal of food for three days, after which the experiment was 
commenced and allowed, as a rule, to extend through three con- 
secutive days, the animal being deprived of food during the entire 
period. On the first of the three days, eight determinations of 
carbonic acid were made and the results obtained were used as a 
control, with which to compare the results obtained on the two fol- 
lowing days, when the animal was being dosed with the substance 
experimented with. This, as a rule, we found to be the most satis- 
factory method of procedure, since small differences could not be 
relied upon as expressing anything of importance ; for the varying 
restlessness of the confined animal, involving more or less muscular 
activity, would many times lead to variations in the amount of car- 
bonic acid excreted, as may be noticed in the control experiments on 
those days when the animals were not dosed. Hence, the average of 
several consecutive results must necessarily express more correctly 
the average elimination of carbonic acid than any single result. 
Further, we deemed it better to allow the experiments to extend, as 
a rule, over several days and thus study the action of small, repeated 
doses of the various substances rather than to observe the effects of 
a single large dose, where violent action might naturally be expected. 

The following table of results illustrates the way in which our 
experiments have been conducted, and at the same time shows the 
extent of variation, in the amount of carbonic acid, to be expected 
under normal circumstances from day to day. In this experiment, 
the rabbit had been deprived of food for three days, and the results 
show the amount of carbonic acid in the 37*5 litres of aspirated air 
for four distinct periods, during the fourth and fifth days. As already 
stated, the total amount of baryta solution employed in the three 
absorption tubes was 250 c. c, of which 100 c. c. were used in the first 

Trans. Conn. Acad., Vol. VII. 52 Maech, 1887. 
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or lower tube (a), while the remainder was used in the two other 
tubes b and c. Several solutions of oxalic acid were employed, the 
average strength of which was such that 1 c. c. equaled about 20 
milligrams of carbonic acid. 
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tubes b 
and c. 
c. c. 
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March 18. 
















9:48 to 10:18 


104 


250 


35-4 


451 


9-7 


180-2 


450*5 


38-8 


11:51 to 12:21 


10-6 


25-2 


35-8 


451 


9-3 


1727 


432*0 


38-1 


2:59 to 3:29 


10-5 


253 


35-8 


451 


93 


172-7 


432*0 


38-2 


5:03 to 5:33 


10-4 


24-9 


353 


45-1 


98 


182-0* 


455"i 


38-3 


March 19. 


















8:59 to 9:29 


10-2 


251 


853 


451 


9-8 


182*0 


4551 


38*3 


10:53 to 11:23 


10-9 


25-3 


86 2 


45-1 


8*9 


165-3 


4 I 34 


37-7 


2:53 to 3:23 


10-2 


24-2 


344 


451 


10-7 


198-7 


4968 


38-7 


4:51 to 5:21 


10-6 


249 


355 


451 


9*6 


178-3 


445'9 


38-9 


Average, 


10-5 


25 


35-5 


451 


9-6 


1790 


447*° 


38-4 



Action of uranyl nitrate. 

As stated in a preceding article,* the physiological action of ura- 
nium salts has been little studied. Experiments are now in progress 
to show the influence of uranium on proteid metabolism, and our 
present results show the influence of this substance on the excre- 
tion of carbonic acid. The rabbit first experimented with was de- 
prived of food for three days, and on the fourth day the experi- 
ment was commenced, extending through three entire days, during 
which time the animal was without food. The accompanying tables 
show the results obtained. The body temperature was ascertained 
by inserting a self-registering thermometer into the rectum. 



* Chittenden and Hutchinson, this volume. 
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A study of the first results shows plainly a decided action on the 
part of the' uranium salt. The influence of the salt, however, mani- 
fests itself somewhat slowly, and it is not until the third day that its 
action becomes very pronounced, when the increased excretion of car- 
bonic acid becomes very noticeable, accompanied with a slight rise 
in temperature. The first action of the uranium appears to cause a 
diminution in body temperature and in the amount of carbonic acid 
eliminated. The total amount of uranium salt given was quite large 
( 1*175 grams in divided doses), and although no especial toxic symp- 
toms showed themselves, the animal died on the day following the 
conclusion of the experiment. 

A second series of experiments was tried, using smaller amounts 
of uranium nitrate and extending through four days, the results of 
which are also shown in the accompanying tables. The rabbit was 
deprived of food for four days prior to commencing the experiment. 
The amount of uranium nitrate given was considerably smaller than 
the quantity employed in the first series of experiments, and the 
animal did not suffer any permanent ill effects from its use. The 
following table shows the average daily result, expressed in milli- 
grams of CO a contained in the 37*5 litres of aspirated air, together 
with the average body temperature. 



lay 8. 
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The uranium nitrate was introduced by hypodermic injection in 
the following quantities : 



May 3. 







it 


4. 


5:18 p. m. 


0-080 


gram 


of the salt. 


tt 


5. 


8:40 a. m. 
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In this second series of experiments it is to be noticed that the first 
two days are given up wholly to determining the normal excretion of 
carbonic acid, and the results show fully how close an agreement 
may be expected under normal circumstances. Taking the results 
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First Series of Experiments with Uranium. 
Normal period, without uranium nitrate. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- ! 
lent to 250 c. c. 
Ba(OH)a. c. c. 


Difference, c. c. ox- 
alic acid. 


• 

o 

as 

• B bo 

©a 
o 


• 

if 

Hi 

CO w 

c 03 

o l - 

Q 
697-3 


• 

1- 
a, 


April 19. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


B 
3 . 


A M. 

9:47 to 10:17 


65 


24-8 


318 


46-3 


i 

1 15-0 


278-9 


38-7 


10:45 to 11:15 


7-8 


25-8 


33-6 


46-3 


127 


235-3 


588*3 


38-7 


11:46 to 12:16 


7-9 


25-8 


33-7 


468 


12-6 


238-4 


5836 


38-6 


P. M. 

2:04 to 2:34 


8-4 


26-8 


34-7 


463 


11-6 


214-9 


5373 


38-4' 


2:57 to 3:27 


8-4 


261 


34-5 


463 


11-8 


218-6 


5466 


88-7 


8:58 to 4:28 


8-2 


261 


34-3 


46*3 


120 


221-4 


553*5 


88-6 


4:52 to 5:22 


8-5 


262 


34-7 


468 


11-6 


214-9 


537'3 


88-7 


Average, 


79 


25 9 


33-8 


46-3 


125 


2310 


5777 


38-9 



April 20. 



With uranium nitrate. 



9:04 to 9:84 


7-3 


25-9 


83-2 


46*3 


1 

; 131 


242-7 


6068 


88-4 


9:57 to 10:27 


8-3 


26-8 


351 


46-3 


11-2 


207-5 


518*8 


38-4 


10:59 to 11:29 


9-8 


26-6 


36-4 


46-3 


9-9 


188-4 


458-6 


88-2 


11:53 to 12:23 


8-7 


26-3 


35-0 


46-3 


11-3 


209-3 


523-5 


88-1 


P M. 

1:59 to 2:29 


8-8 


26-3 


35-1 


46-3 


11-2 


207-5 


5188 


38-4 


2:51 to 3:21 


8-8 


26-5 


853 


46-3 


11-0 


204-8 


512-0 


38-8 


3:46 to 4:16 


8-4 


261 


34*5 , 


46-3 


11-8 


218-6 


446*6 


89-1 


4:41 to 5:11 


6-8 


25-2 


320 


46-3 


14-3 


264-9 


662*4 


38-9 


Average, 


8-4 


26-2 


34-6 i 


46-3 


11-7 


217-3 


535'9 


88-5 
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With uranium nitrate— continued. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(0H) 2 . c. c. 


Difference, c. c. ox- 
alic acid. 


CO a in a, b and c. 
mg. 


C0 9 in 37*5 L. aspi- 
rated air. mg. 


£ 
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© 
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9:02 to 9:32 


5-0 


224 


27-4 


46-3 


18-9 


350-1 


875'5 


89-2 


9:58 to 10:28 


60 


24-9 


30-9 


46-3 


154 


285-1 


712-8 


88-9 


10:55 to 11:25 


60 


24-7 


30-7 


463 


156 


289-0 


722*6 


39-0 


11-47 to 12:17 


5-7 


24-8 


30-5 


46-3 


15-8 


292-7 


731*9 


39-4 


P M 

2:00 to 2:30 


78 


25-7 


330 


46-3 


18-3 


246-4 


616 1 


891 


2:55 to 3:25 


60 


25 


31-0 


46-3 


15-8 


283-4 
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3:47 to 4:17 


8-4 


26-2 


34-6 


463 


11-7 


216-7 


541*5 


39-2 


4:42 to 5:12 


9-3 


26-6 


35-9 


46*3 


10-4 


192-6 


4817 


89 1 


Average, 


6-7 


25 


31-7 


46*3 


146 


269-5 


6739 


891 



The following figures give the average daily result in body tem- 
perature and in the amount of carbonic acid contained in 37*5 litres 
of aspirated air : 



April 19, 38-9° C. 

20, 88-5 " 

21, 39-1 " 



a 



tt 



577-7 milligrams C0 9 
535-9 " " 

673-9 " " 



The uranium nitrate was introduced by hypodermic injection in 
the following quantities : 

0*050 gram of the salt. 

0-100 

0-100 

0-150 

0-150 

0-300 

0-200 

0125 



April 19, 


5-40 p. m. 


" 20, 


8*55 a. m. 


"' 20, 


10*35 a. m. 


" 20, 


12-40 p. m. 


" 20, 


1*35 p. m. 


" 20, 


5-30 p. m. 


" 21, 


8*55 a. m. 


" 21, 


2*45 p. m. 



1-175 



The animal died on the 22d. 
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Second Series of Experiments with Uranium. 
Normal period, without uranium. 



May 4. 

8:50 to 9:20 

9:49 to 10:19 

10:44 to 11:14 

11:37 to 12:07 

P. M. 

1:56 to 2:26 
2:48 to 3:18 
8:41 to 4:11 
4:32 to 5:02 
Average, 



Normal period — continued. 
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With uranium nitrate. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
leut to 250 c. c. 
Ba(OH) 2 . c. c. 


Difference, c. c. ox- 
alic acid. 
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c8 
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C0 9 in 37-5 L. aspi- 
rated air. mg. 


perature. 


May 5. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 
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*= . 

pq 


8:48 to 9:18 


8-7 


24-6 


33-3 


44-8 


11-5 


232-4 


581*2 


39-1 


9:41 to 10:11 


8-5 


24-5 


33-0 


44-8 


11-8 


238-5 


5963 


39-3 


10:39 to 11:19 


90 


24-8 


33-8 


44-8 


110 


222-3 


555'9 


39-6 


11:34 to 12:04 


8-7 


24-6 


33-3 


44-8 


11-5 


232-4 


581*2 


39*9 


P. M. 

1:57 to 2:27 


8-5 


24-7 


33-2 


44-8 


11-6 


234-4 


586-2 


40-0 


2:49 to 3:19 


9-0 


24-8 


33-8 


44-8 


11-0 


222-3 


555*9 


40-0 


8:45 to 4:15 


8*4 


24-6 


330 


44-8 


11-8 


238-5 


59^-3 


40-4 


4:40 to 5:10 


8-6 


24-4 


330 


44-8 


11-8 


238-5 


596 3 


40-5 


Average, 


8-7 


24-6 


333 


44-8 


11-5 


232-4 


1 581-2 


39-9 



May 6. 



With uranium nitrate — continued. 



8:52 to' 9:22 


7-0 


221 


291 


44-8 


15-7 


317-3 


793'4 


40-0 


9:52 to 10:22 


5-6 


23-3 


28-9 


44-8 


15-9 


321-4 


803-5 


89-6 


10:48 to 11:18 


6-9 


24-0 


30-9 


44-8 


13-9 


280-9 


702-5 


38-2 


11:43 to 12:13 


6-9 


24-0 


30-9 


44-8 


13-9 


280-9 


702-5 


37-9 


P M 

2:11 to 2:41 


7-5 


24-6 


321 


44-8 


12-7 


256-7 


641*8 


37-4 


3:02 to 3:32 


7-5 


24-4 


31-9 


44-8 


12-9 


261-7 
286-5 


654'4 


38-1 


Average, 


69 


23-7 


30-6 


44-8 


14*2 


716-3 


38-5 
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Experiment with Cupric Sulphate. 
Normal period, without copper. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c c. 
Ba(0H)„. c. c. 


DiflTerence. c. c. ox- 
alic acid. 


d 
5 

of 

•9* 

o B 
o 


C0 a in 37-5 L. aspi- 
rated air. mg. 


2 
1 

© 
a, 


May 10. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


S 


A. M. 

9:05 to 9:35 


11-3 


27-7 


390 


47-7 


8-7 


175-8 


4397 


37-9 


10:00 to 10:30 


123 


28-0 


40-8 


47-7 


7-4 


149-5 


374*0 


37-8 


10:57 to 11:27 


11-8 


27-8 


396 


47-7 


8-1 


163-7 


409-4 


37-8 


11:49 to 12:19 


12-4 


28-0 


40-4 


47-7 


7-3 


147-5 


3689 


37-8 


P. M. 

2:07 to 2:37 


122 


27-9 


40-1 


47-7 


7-6 


153-6 


384*1 


37-8 


8:00 to 3:30 


11-9 


28-0 


39-9 


47-7 


7-8 


157-6 


394*2 


37-7 


3:52 to 4:22 


12-4 


28-0 


40-4 


47-7 


7-3 


147-5 


368-9 


37-8 


4:42 to 5:12 


12-5 


27-9 


40-4 


47-7 


7-3 


146-5 


3664 


383 


Average, 


121 


27-9 


40-0 


47-7 


7-7 


155-2 


388-2 


37-9 



May 11. 

9:04 to 9:84 
10:03 to 10:83 
10:58 to 11:28 
11:54 to 12:24 

1:56* to 2:26 
2:49 to 3:19 
3:43 to 4:13 
4:39 to 5:09 
Average, 



With cupric sulphate. 



130 
12-0 
12-7 
12-5 



11-8 
130 
13-2 
13-7 



12-7 



28-8 

28-0 
28-0 

27-8 



27-9 
28-2 
28-2 
28-3 



28-1 



41-3 
40-0 
40-7 
40-3 



39-7 
41-2 
41-4 
42-0 



40-8 



47-7 


6-4 


129-3 


323*4 


37-2 


47-7 


7-7 


155-6 


3891 


37-3 


47-7 


7-0 


141-5 


353*8 


38-2 


47-7 


7-4 


148-5 


37i'5 


38-3 


47-7 


8-0 


161-7 


404*3 


36-7 


47-7 


6-5 


131-4 


328-5 


35-7 


47-7 


6-3 


127-3 


318-4 


36-6 


47-7 


5-7 


115-2 


288*1 


35-8 


47-7 


6-9 


138-8 


347'i 


370 
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With cupric sulphate — Continued. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(OH) a . c. c. 


Difference, c. c. ox- 
alic acid. 


C0 9 in a, b and c. 
mg. 


C0 2 in 37*5 L. aspi- 
rated air. mg. 


• 

p 

g 


May 12. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


a 

CD 


A. M. 

9:11 to 9:41 


13-8 


28-3 


41-6 


47-7 


6-1 


1233 


308-3 


35-2 


10:06 to 10:36 


13-6 


28-3 


41-9 


47-7 


5-8 


117-2 


293-1 


35*3 


11:00 to 11:80 


14-7 


283 


430 


47-7 


4-7 


95 


237*5 


85-7 


11:52 to 12:22 


13-6 


28-4 


42-0 


47*7 


5-7 


115-2 


288*1 


85-8 


P. M. 

2:15 to 2:45 


13-7 


28-2 


41-9 


47-7 


5-8 


117-2 


293-1 


35-9 


3:09 to 3:39 


18-7 


28*3 


42-0 


47-7 


5-7 


114-2 


285-5 


861 


3:59 to 4:29 


14-4 


28*8 


42-7 


47-7 


5-0 


101 -4) 


252.7 


36-2 


4.53 to 5:23 


14-0 


28-4 


42*4 


47-7 


5-3 


107-1 


267*9 


36-2 


Average, 


13-9 


288 


422 


47-7 


55 


111-3 


278-3 


35-8 



Following are the average daily results, expressed in milligrams 
of CO a contained in 37*5 litres of aspirated air, together with the 
average body temperature: 



May 10. 


37-9° C. 


388-2 milligrams CO a 


" 11. 


87-0 


347-1 " 


" 12. 


35-8 


278-3 " 



The cupric sulphate was introduced by hypodermic injection, in the 
following amounts : 

0-025 gram CuSO* 
0-005 " " 

0-025 " " 

0-050 " " 

0-025 " " 



May 10. 


5*34 p. m. 


" 11. 


8:57 a. m. 


" 11. 


9:55 a. m. 


" 11. 


12:29 p. m. 


" 12. 


9:08 a. m. 



0-180 



Rabbit died on the 13th. 
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of these two days for comparison, it is seen that the action of the 
uranium is somewhat slow, but that it produces on the first day 
(May 5) a noticeable rise in temperature, without any appreciable 
change in the elimination of carbonic acid. The full effect of the 
uranium, however, shows itself on the day following the last dose 
of the salt, and we then see the same noticeable increase in the elim- 
ination of carbonic acid noticed in the first series of experiments. 
We have to conclude, then, that uranium nitrate, when taken in 
sufficient quantity, tends to raise materially the body temperature 
and to increase very noticeably the excretion of carbonic acid. 

Action of cupric sulphate. 

Falck, as quoted by Dr. H. C. Wood,* has found that cupric sul- 
phate acts upon dogs, pigeons, rabbits and similar animals 'as an 
irritant, neurotic poison ; producing great depression of temperature, 
with progressive general paresis ending in death, apparently from 
failure of respiration. Our experiments on rabbits show a marked 
influence of the salt in depressing body temperature and a still 
greater influence in diminishing the production of carbonic acid. 
The results of one experiment are shown in the preceding table. 
Although but 130 milligrams of the copper salt were used altogether, 
the animal finally died on the day following the conclusion of the 
experiment. 

« 

Action of arsenious oxide. 

C. Schmidt and Stttrzwagef have shown by experiments on cats, 
that arsenious acid tends to produce a noticeable diminution in the 
excretion of both nitrogen and carbonic acid. Voit, however, has 
pointed out that in these experiments, the diminished excretion de- 
pends simply on the loss of a large portion of the food by vomiting, 
and BolckJ has shown that small doses of arsenious oxide given to 
hungry dogs, is wholly without influence on the decomposition of 
proteid matter. With large, toxic doses of arsenic, Gahtgensg and 
Kossel|| have shown that a very noticeable increase in the elimina- 
tion of nitrogen takes place. These facts constitute about the sum 



* Therapeutics, Materia Medica and Toxicology, p. 46. 

f Moleschott's Untersuchungeu, vi, p. 283. 

\ Zeitschrift fur Biologie, vii, p. 430. 

§ Centralblatt f. Med. Wissen., 1875, p. 529. 

| Archiv. f. exper. Path. u. Pharm , v, p. 128. 
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total of our knowledge regarding the action of arsenic on tissue 
changes. 

Our experiments were made with rabbits in a condition of hunger, 
deprived of food for three days prior to the experiment, and the 
results appear to show that arsenious acid, in the case of rabbits, has 
a tendency to diminish the excretion of carbonic acid, presumably 
through its action on the metabolic activity of the tissue cells. The 
amount of arsenic given was quite small and the animal seemed 
wholly unaffected by the poison. 

Action of potassium antimony tartrate. 

Voit* states that antimony in large doses affects proteid metabo- 
lism in the same manner as arsenic, and since Saikowsky has shown 
that both arsenic and antimony tend to produce a fatty degeneration 
of the various organs, in which presumably the fat is formed from the 
decomposition of proteid matter, the non-nitrogenous moiety of the 
albumin molecule being stored up as fat instead of being burned to 
carbonic acid, it seems natural to expect that these two substances 
when taken in large quantity at least, should like phosphorus diminish 
both the consumption of oxygen and the elimination of carbonic acid. 

With rabbits our results with antimony certainly lead to this con- 
clusion. Even small doses of tartar emetic quickly lead to a dimin- 
ished excretion of carbonic acid and also to a noticeable fall in tem- 
perature. In the first series of experiments, the results of which are 
shown in the accompanying tables, the excretion of carbonic acid fell 
from 363*6 milligrams per 37*5 litres of aspirated air to 203*8 milli- 
grams and with a fall in temperature of from 39° C. to 34*6° C. The 
total amount of tartar emetic given was 82 milligrams. 

In the second series of experiments, where as before, the rabbit had 
been deprived of food for three days prior to the experiment, still 
smaller quantities of antimony were given with even more pronounced 
results, both in the diminution of carbonic acid and in the depression 
of temperature. Thus while in the normal period the excretion of 
carbonic acid amounted to 396 milligrams per 37*5 litres of aspirated 
air and with a normal temperature of 38*6° C, tartar emetic (0*055 
gram) given in divided doses reduced the carbonic acid to 106*5 mil- 
ligrams per 37*5 litres of aspirated air and the temperature to 27*0° C. 
Ackermannf has already called attention to the great decrease in 
animal heat produced by antimony, notably in the case of rabbits. 

* Hermann's Handbuch der Physiologie, Band vi, p. 184. 
f See H. C. Wood, Therapeutics, etc., p. 158. 
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Experiment with Absenious Oxide. 
Normal period, without arsenic. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


$64 

o © 

03 © CO 
O 


Difference, c. c. ox- 
alic acid. 


• 

o 

a 

03 
as 

sZ a 
o 

242-5 


COa in 37*5 L. aspi- 
rated air. mg. 


© 
P 
OS 

© 

p. 


June 7. 


tube a. 
e. c. 


tubes b 
and c. 
c. c. 


a 

© 


A. M. 

10:04 to 10:34 


7-8 


24-5 


32-3 


44-3 


120 


606*5 


38-7 


11:08 to 11:38 


7-5 


25-2 


32-7 


45-5 


12-8 


258-7 


646*9 


38-9 


12:06 to 12:36 


9-2 


26-2 


85-4 


45-5 


10-1 


204-1 


5104 


38-9 


P. M. 

1:57 to 2:27 


8-3 


25-6 


83-9 


45-5 


11-6 


234-5 


5^3 


38-9 


2:52 to 3:22 


8-6 


25-7 


34-3 


45-5 


11-2 


226-4 


566*0 


390 


3:50 to 4:20 


6-9 


25-5 


32-4 


45-5 


13.1 


264-8 


662*0 


39-3 


4:44 to 5:14 


9-1 
8-2 


24-9 


34-0 


45-5 


10-5 


211-2 


528*1 


38-9 


Average, 


25-4 


33-6 


45-3 


11-6 


234-6 


586*6 


38-9 



June 8. 

A.M. 

9:00 to 9:30 

9:52 to 10:22 

10:45 to 11:15 

11:87 to 12:07 

P. M. 

2:14 to 2:44 
8:08 to 3:8& 
3:58 to 4:28 
4:48 to 5:18 
Average, 



With arsenious oxide. 



9-0 
10-3 
10*1 

9-8 

91 
10-4 
100 

9-4 



25-8 
26-4 
26-3 
26-4 

260 
26-5 
26-4 



34-8 I 45-5 

36-7 45-5 

864 45-5 

36-2 : 45-5 



351 
36-9 
36-4 



26-8 35-7 



9-8 



26-3 



360 



45-5 
45-5 
45-5 
45-5 



45-5 



10-7 


215-2 


8-8 


177-8 


91 


183-9 


9-3 


188-0 


10-4 


218-3 


8-6 


172-8 


91 


182-9 


9-8 


198-1 


9-5 


1921 



538-2 

4447 

4599 
470*0 

545*8 
432i 
457*4 
495*3 



480*4 



38-8 
38-7 
38-8 
38-8 

390 
39-0 
39-2 
39-2 



38-9 
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With arsenious oxide — continued. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 o. c. 
Ba(0H) a . c. c. 


Difference, c. c. ox- 
alic acid. 


• 

o 

a 

OS 

d . 

"- CO 


CO* in 37 '5 L. aspi- 
rated air. mg. 


• 
g 

<x> 


June 9. 


tube a. 
c. c. 


lubes b 
and c. 
c. c. 


B 

0Q 


9:00 to 9:30 


9-4 


26-1 


35 5 


45-5 


10-0 


2021 


505*4 


39-0 


9:52 to 10:22 


10-4 


26-5 


36-9 


45-5 


8-6 


172-8 


432 # i 


38-9 


10:41 to 11:11 


91 


26-1 


35-2 


45-5 


10-3 


208-2 


520*5 


39-1 


11:36 to 12:06 


9*6 


26-3 


35-9 


455 


9-6 


194-0 


485*2 


390 


P. M. 

2:15 to 2:45 


9-6 


26-5 


361 


45-5 


9-4 


190-0 


475*1 


39-2 


3:08 to 3:38 


96 


26-5 


361 


45 5 


9-4 


190-0 


475'x 


38-9 


3:57 to 4:27 


10-3 


26-5 


36-8 


45-5 


8-7 


175-8 


439*7 


39-2 


4:47 to 5:17 


10-0 


26-5 


365 


45-5 


9-0 


181-9 


464-8 


39-2 


Average, 


9-7 


26-4 


361 


45-5 


9-4 


189-3 


473*5 


39-1 



Average daily excretion of carbonic acid expressed in milligrams 
of CO a per 37*5 litres of aspirated air, and average temperature is as 
follows : 



ine 7 


38-9° C. 


586*6 milligrams CO, 


" 8 


38-9 


480-4 


" 9 


89-1 


473-5 " " 



The arsenious oxide was introduced by way of the mouth in small 
gelatin capsules, in the following doses : 



June 7 


5:25 p. m. 


0-005 j 


^ram 


AS 3 < 


" 8 


8:47 a. m. 


0-005 


a 


<< 


" 8 


12:12 p. m. 


0-005 


a 


i< 


" 8 


5:25 p. m. 


0-005 


a 


a 


44 9 


8:50 a. m. 


0-005 


n 


(t 


" 9 


12:12 p. m. 


0-010 


a 


< 



0-035 
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First series of experiments with Antimony. 
Normal period, without tartar emetic. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used, c c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(OH) 9 . c. c. 


Difference a c. ox- 
alic acid. 


6 

a 

as 

a . 


■ 

cm 

a. 

• 

■J 

CO 

.9 5 

« C8 

o u 
o 


• 
C3 

u 

a, 


March 31. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


S 
pa 


A. M. 


















9:03 to 9:33 


139 


30-9 


44-8 


526 


7-8 


144-5 


361-3 


38-6 


10:01 to 10:31 


13-8 


310 


44-8 


52-6 


7-8 


144.5 


361*3 


88-8 


10:56 to 11:26 


150 


310 


460 


52-6 


6-6 


122-2 


3057 


38*9 


11:52 to 12:22 


13-7 


30-8 


44-5 


52 6 


8-1 


150-0 


375*2 


39-2 


P. M. 

1:55 to 2:25 


12 5 


30-0 


42-5 


52-6 


10-1 


187-0 


4677 


39-1 


2:47 to 3:17 


150 


81-1 


461 


526 


65 


120-4 


301*1 


39-2 


3:41 to 4:11 


14*4 


30-4 


44-8 


526 


7-8 


144-5 


361-3 


39-2 


4:36 to 5:06 


13-7 


30-8 


44-5 


526 


81 


150-0 


375*2 


39-3 


Average, 


14-0 


30-7 


44-7 


52-6 


7.85 


145-4 


363*6 


39 



April 1. With tartar emetic. 

A. M. 

8:57 to 9:27 

9:54 to 10:24 

10:50 to 11:20 

11:44 to 12:24 

P. M. 

2:01 to 2:31 
Average, 

The antimony was given in the form of tartar emetic and was 
introduced by hypodermic injection as follows : 

0-012 gram tartar emetic. 

0-035 

0085 



14-1 


30-8 


44-9 


52-6 


7-7 


141-7 


14-5 


31-0 


45-5 


52-6 


7 1 


131-5 


15-4 


310 


46-4 


52-6 


6-2 


114-8 


15-4 


31-0 


46-4 


52-6 


6-2 


114-8 


17-0 


31-2 


48-2 


52-6 


4-4 


81-5 


15-3 


31-0 


46-3 


52-6 


6-3 


116-9 



354*4 


38-1 


328*9 


36-9 


287-2 


36-4 


287*2 


35-7 


2038 


34-6 


292-3 


36-3 



March 31. 


5:20 p. m. 


April 1. 


8:45 a. m. 


1. 


12:43 p. m. 



0-082 



Rabbit died at 3:30 p. m., April 1. 
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Date. 
April 5. 



A M. 

9:14 to 9:44 
10:09 to 10:39 
11:04 to 11:34 
11:57 to 12:27 

P. M. 

2:05 to 2:35 
2:58 to 3:28 
3:52 to 4:22 
4:45 to 5:15 
Average, 



Oxalic acid to 
neutralize ba- 
ryta solution. 



o 



14-4 
13-0 
131 
14-5 



13-8 
131 



12-9 



^ 6 

p 08 O 



18-4 



30-9 
30-3 
30-5 
30*8 



30-7 
30-5 



127 30-5 



80-7 



30-6 



T3 

"S 
03 £* 

O 






•■-' CJ "O CM e» 

:0 



33 

K . 

C xJ 

— 0) 

ce co 

o 3 
H 



45*3 
43-3 
43*6 
45-3 



44*5 
43*6 
48-2 
436 



52-6 
526 
52-6 
52-6 



52 6 
52-6 
52-6 
526 



44-0 52-6 



t 

M 




■ 


o 


. 


o- 




o 


ao 




^ 


03 


O 


p 

C3 


• 

J-3 


nco c 
acid. 


03 




flb •«-* 


a . 


.3 ^ 




d a 


O * 


Q 


o 


O 


7-3 


135-2 


338*1 


9-3 


172-3 


430-8 


90 


166 7 


4169 


7-3 


135-2 


338'i 


81 


150-0 


375*2 


90 


166-7 


416-9 


9-4 


" 1741 


435*4 


9-0 


166-7 


4169 


8-5 


158-4 


396*0 



Pi 



03 
U 

& 

a 

CD 

+* . 

oq 



38-4 
88-5 
38-4 
38-6 

38-9 
38-8 
38-9 
38-7 
38-6 



April 6 

8:59 to 9:29 

9:57 to 10-27 

10:52 to 11:22 

11:46 to 12:16 

P M 

1:58* to 2:28 
2:50 to 3:20 



With tartar emetic. 



14-5 
15-2 
14-5 
14-5 

15-8 
14-5 



3:42 to 4:12 15-4 

I 
4:38 to 5:08 15 -7 



Average, 



14-9 



30-8 


1 
45-3 


52-6 


7-3 


135-2 


338'i 


311 


46-3 


52-6 


6-3 


116-7 


291*8 


30-6 


45-1 


52-6 


7-5 


138*9 


347*4 


81-0 


45-5 


52-6 


7-1 


131-5 


328*9 


30-9 


46-2 


52*6 


6-35 


117-6 


294*1 


30-9 


45-4 


52-6 


7-2 


133-4 


333*5 


31-2 


46-6 


52-6 


5-95 


110-2 


275*6 


31-2 


46-9 


52-6 


5-7 


115-6 


289*0 


31-0 


459 


52-6 1 


6-68 


124-9 


312*2 



37-4 
36-7 
36-6 
37-3 

36-2 
36-2 
35-4 
35-7 
36-7 
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With tartar emetic—continued. 





Oxalic acid to 




■ 

08 . . 


• 

H 
O 


• 


• 

9* . 


• 




Date. 


neutralize ba- 
ryta solution. 


T3 


equiv 

Oc. c 

c. c 


• 


o 

a 

08 




t 






.2 • .— »» • 

-3 O 'O CM «■ 


Difference c 
alic acid. 


45 
08 

— 60 

o ti 
u 


COa in 37-5 
rated air. 


<x> 


April 7. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


Total oxa 
used. 


Oxalic aci 
lent to 
Ba(OH] 


a 

•g- 


A. Jt. 
















9:00 to 9:30 


176 


31-2 


48'8 


52-6 


3-8 


70-4 


176-0 


300 


9:59 to 10:29 


18-5 


81-8 


49*8 


526 


2-8 


51-8 


1297 


28-0 


10:53 to 11:23 


18-9 


31-4 


50-3 


52-6 


2-3 


42-6 


106-5 


27 


Average, 


18-3 


81-8 


49-6 


526 


2-97 


54*9 


137*4 


283 



Average daily excretion of carbonic acid expressed in milligrams 
of C0 9 per 37*5 litres of aspirated air, together with average temper- 
ature is as follows : 



April 


5. 


38-6° C. 


3960 milligrams CO, 




6. 


86-7 


812-0 




7. 


28-8 


187-4 


ollowing 


\ amounts of antimony 


were injected : 


April 5. 




5:30 p. m. 


0-015 gram tartar emetic. 


6. 




8:45 a. m. 


0-015 


6. 




12:39 p. m. 


0015 


6. 




5:24 p. m. 


0-010 



0-055 



Rabbit died at 12 m., April 7. 
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Action of morphine sulphate. 

Boeck and Bauer* have already made a careful study of the action 
of morphine on the elimination of carbonic acid and the absorption 
of oxygen. By experiments on a cat and on a dog they found that 
the action of morphine on metabolism was mainly an indirect one, 
affecting especially the consumption of non-nitrogenous matter. 
Further, that its action hinged mainly on its power of affecting mus- 
cular activity ; thus in the case of a cat the first action of morphine 
was to increase the elimination of carbonic acid and the consumption 
of oxygen, due to the increased muscular activity induced by the 
poison, while in the case of a dog, where narcosis was half induced, 
there was a diminution in the amount of carbonic acid eliminated 
amounting in one case to 27 per cent. This diminished excretion 
was due almost wholly to the quietiug action of the morphine and 
was followed by an after period in which there was increased produc- 
tion of carbonic acid, due to the increased activity of the muscle 
tissue. 

In these experiments the dose of morphine was 0*05 gram, in the 
form of chloride, and was introduced by subcutaneous injection. The 
injection of the poison was followed soon after by convulsions, etc., 
indicating vigorous toxic action. In our first series of experiments 
we endeavored to have the toxic action less pronounced, and for this 
reason the morphine was introduced by way of the mouth in repeated 
doses, the experiment extending through three days and into the 
fourth. The rabbit was deprived of food through the entire period 
and had also been kept without food for three days prior to the 
experiment. The data are to be found in the accompanying tables. 

The results do not show any very marked action, either on the 
excretion of carbonic acid or on the body temperature. At no time 
was there any noticeable indication of increased muscular activity, 
the rabbit remaining fairly quiet in the chamber and showing no 
symptoms of tetanic convulsions. On the other hand there was no 
very profound narcotism. A study of the individual results, how- 
ever, shows that directly after each dose of morphine, the excretion 
of carbonic acid fell quite noticeably for one or two periods. Such 
action as was produced, therefore, in this experiment, is to be consid- 
ered simply as incidental to the semi-somnolent condition of the 
animal. 

In a second shorter series of experiments with a rabbit, one single 



* Zeitschrift fur Biologie, Band i, p. 339. 
Trans. Conn. Aoad., Vol. TIL 54 • March, 1887. 
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First Series of Experiments with Morphine. 
Normal period, without morphine. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(OH)«. c. c. 


Difference c. c, ox- 
alic acid. 


CO a in a, b and c. 
mg. 


C0 9 in 3 7 5 L. aspi- 
rated air. mg. 


• 


March 24. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


s 

$ . 

PQ 


A. M. 

8:54 to 9:24 


11.0 


25 5 


36-5 


451 


8-6 


159-8 


3995 


37-9 


9:53 to 10:23 


11-9 


25-8 


37 7 


45-1 


7-4 


187*5 


3440 


38 


10:50 to 11:20 


11-6 


25-7 


37 3 


45-1 


7-8 


144-9 


362-5 


37-9 


11:46 to 12:16 







36-8 


45-1 


8-3 


154-2 


3857 


38-0 


P M 

2:14* to 2:44 


10-6 


261 


36-7 


451 


8-4 


156-1 


390*3 


382 


3:08 to 3:38 


10-2 


261 


36*3 


45-1 


8-8 


163-5 


408-8 


383 


4:02 to 4:32 


10-8 


26-1 


36-4 


45-1 


8-7 


161-6 


404*2 


38-2 


4:55 to 5:25 


11-4 


261 


37-5 


451 


7-6 


141-2 


353'2 


37-8 


Average, 


11-0 


25-9 


36-9 


451 


8-2 


152-4 


381*0 


38-0 



March 25. 

8:51 to 9-21 

9:53 to 10:23 

10:47 to 11:17 

11:44 to 12:14 

P. M. 

2-01* to' 2:31 
3:08 to 3:38 
4:04 to 4:34 
4:57 to 5:27 
Average, 



With morphine sulphate. 



11-7 


26*5 


38-2 


451 


6-9 


128-8 


320*8 


38-2 


11-8 


26-5 


88-8 


45-1 


6-8 


126-4 


316*2 


37-8 


10:9 


26*2 


871 


45-1 


8-0 


148-7 


37i*8 


38-0 


11-1 


26-4 


37-5 


45-1 


7-6 


1412 


353'* 


88-0 


11-1 


26-2 


373 


45-1 


7.8 


1440 


360*1 


38-7 


11-7 


26-2 


37-9 


451 


7-2 


133-8 


3347 


38-7 


11-0 


25-7 


86-7 


45-1 


8-4 


156-1 


3903 


88-6 


10-0 


25-2 


35-2 


45-1 


9*9 


184-9 


462*3 


38-8 


11-1 


261 


37-2 


451 


7-9 


145-4 


3637 


38.4 
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With morphine sulphate — continued. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(0H) 9 . c. c. 


Difference c. c. ox- 
alic acid. 


• 

o 

T3 

P 
08 

,Q 
08** 

•~ bo 

d s 


COa in 37 5 L. aspi- 
rated air. mg. 


£ 
2 


March 26. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


e 

© 

I' 


9:24to9:54 


17-6 


35-8 


53-4 


60-5 


7*1 


1815 


328*9 


38-8 


10:19 to 10:49 


16-4 


35-6 


52-0 


60-5 


8-5 


157-4 


3937 


38-8 


11:14 to 11:44 


165 


35-7 


52-2 


605 


8-3 


153-7 


384*S 


88-6 


12:09 to 12:39 


165 


35-7 


53-2 


60-5 


8-8 


153-7 


384-5 


88-9 


P. M. 

l:58to2:28 


17-4 


35-8 


53-2 


60-5 


7-3 


135-2 


338i 


88-9 


2:55 to 3:25 


17-0 


35-7 


52-7 


60-5 


7-8 


144-5 


361*3 


88-7 


3:49 to 4:19 


16-1 


85-5 


51-6 


60-5 


8-9 


164-9 


412-3 


88-9 


4:48 to 5:18 


160 


35*8 


51-3 


60*5 


9-2 


170-4 


4237 


38-8 


Average, 


16-7 


35-6 


52-3 


60-5 


8-2 


151-3 


378-4 


38-8 



March 27. 

A. M. 

8:33 to 9:03 
9:30 to 10-00 



16-2 


35-6 


51-8 


60-5 


8-7 


1611 


403*0 


15-7 


35-5 


51-2 


60-5 


9-3 


172-3 


430-8 



38-9 
38-9 



Following is the average daily excretion of carbonic acid, expressed 
in milligrams per 37*5 litres of aspirated air, together with the aver- 
age body temperature : 



March 24. 


38-0° C. 


881-0 milligrams CO 


" 25. 


38-4 


363-7 " " 


" 26. 


38-8 


378-4 


" 27. 


38-9 


416-9 " 



The morphine was introduced into the stomach in solution in the 
following amounts : 



March 24. 


6:00 p. m. 


0-075 | 


gram morphia 


e sulphate. 


" 25. 


8:35 a. m. 


0075 


<< 




«« 


" 25. 


12:35 p. m. 


0-075 


a 




(« 


" 25. 


5:50 p. m. 


0-100 


tt 




<« 


" 26. 


9:15 a. m. 


0-100 


<< 




n 


" 26. 


12:50 p. m. 


0-100 


it 




<< 




0-525 
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large dose of morphine sulphate was given, and given by hypo* 
dermic injection. In this case, as before, there was no increased 
muscular activity, but there was a sudden and rapid fall both in tem- 
perature and in the amount of carbonic acid excreted, the latter of 
which was still quite pronounced on the following day, although the 
temperature has gone back to normal. This diminution in carbonic 
acid was accompanied by a profound narcotism, the animal lying 
almost motionless and with a respiration ranging from 8 to 20 per 
minute. The results, which are to a certain extent corroborative 
of Boeck and Bauer's, are shown in the accompanying table : 



Second Series of Experiments with Morphine. 
Normal period without morphine sulphate. 



Time. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(OH),. c. c. 


Difference, c. c. ox- 
alic acid. 


• 

o 

•o 



etf 


C0 9 in 37-5 L. aspi- 
rated air. mg. 


1 

s 

& 




tube a. 
c. c. 


tubes b 
and c. 
c c. 


S 
m 


March 12. 

A.M. 

9:12 to 9:42 


15.4 


841 


49-5 


5925 


9-75 


180-6 


465-0 


39-1 



10:00 a. M., injected subcutaneously jO-100 gram morphine sulphate. 



10:23 to 10:53 

11:29 to 11:59 

12:32 to 1:02 

P. M. 

2:48 to 3:18 

3:49 to 4:19 

4:47 to 5:17 

March 13. 
10:09 to 10:38 



16-9 
17-3 
16-3 

170 
17-8 
17-1 

169 



34-5 


51-4 


34-5 


51-8 


341 


50-4 


84-2 


51-2 


34-6 


52-4 


84-8 


51-4 


34-3 


51-2 



59-25 



59-25 
59-25 



59-25 



7-45 

8-85 



59-25 8-05 



6-85 

7-85 



805 



145-4 


3*3*5 


1880 


34^-5 


1640 


4x0*0 


149-2 


3730 


126-9 


317*3 


145-4 


3635 


149-2 

i 


373*o 

* 



36-6 
34-4 
33-3 

84-4 
350 
36 8 

39-2 



Action of quinine sulphate. 

The importance of quinine as a therapeutic agent and particularly 
its value as a febrifuge has led to a thorough study of its physiolog- 
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ical action. In this connection, the action of quinine on proteid 
metabolism has been very thoroughly investigated, but as to its exact 
influence on the decomposition of non-nitrogenous matter, as shown 
by its effects on the elimination of carbonic acid, there is less una- 
nimity of opinion. This is naturally a point of considerable import- 
ance for if, as is generally supposed, the alkaloid has the power of 
diminishing body temperature, it would presumably be due to its in- 
fluence on the combustion of non-nitrogenous matter in the body. 
Ranke, Kerner, von Boeck and others have plainly shown the power 
of quinine to diminish proteid metabolism, but Strassburg, by an 
elaborate series of experiments* found that the alkaloid had no very 
decided effect upon the elimination of carbonic acid, either in healthy 
or fevered rabbits. 

Boeck and Bauer, f however, from experiments on cats, claim that 
quinine in the first stage of its action diminishes somewhat the pro- 
duction of carbonic acid, owing to its inhibitory action on the tissue 
cells; but when large doses of quinine are given, so that con- 
vulsions appear, then there is an increased production of carbonic 
acid, owing to the greater decomposition of non-nitrogenous matter 
incident to increased muscular activity. With small doses of the 
alkaloid, it is to be presumed that the slight diminution in carbonic 
acid noticed by Boeck and Bauer comes simply from diminished 
proteid metabolism. 

In our experiments, rabbits only were used and these in a con- 
dition of hunger, having been deprived of food for three days prior 
to the experiment. In the first series of experiments, the total 
amount of quinine given was quite large, so that at last the animal 
finally died from its effects. No decided action on the production of 
carbonic acid was noticed until just before the animal's death, 
when both the body temperature and the amount of carbonic acid 
fell quite noticeably. On the second day of the experiment, when 
the quinine was first being given, the body temperature, as taken per 
rectum, fell quite gradually until it finally reached a point 1 "5 ° C. 
below the average of the normal period. The results of the experi- 
ment are to be seen in the accompanying tables. The quinine given 
was in the form of hard, gelatin-coated pills and possibly was not as 
rapidly absorbed as might otherwise have been. At no time was the 
rabbit in convulsions. 

♦Quoted from Dr. H. C. Wood, Therapeutics, p. 75. 
f Zeitsehrift fur Biologie, Band x, p. 350. 
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First Series of Experiments with Quinine. 
Normal period, without quinine sulphate. 



April 13. 

9:14 to' 9:44 
10:10 to 10:40 
11:05 to 11:35 
11:58 to 12:28 

P. M. 

1:55 to 2:25 
2:46 to 3:16 
3:40 to 4:10 
4:32 to 5:02 
Average, 



With quinine sulphate. 





Oxalic acid to 
neutralize ba- 


• ** 


uiva- 
c. c. 
c. 


i 

M 
O 

• 


■ 

o 


i 

& . 

a 


6 


Date. 


ryta solution. 


Total oxalic ac 
used. c. c. 


Oxalic acid eq 
lent to 250 
Ba(OII),. c. 


Difference, c 
alic acid. 


a 

08 

08 

'** be 

O B 
O 


o u 
o 


C8 

© 
Pa 


April 12. 


• 
08 

© 6 
=s o 

-•3 


tubes b 
and c. 
c c. 


B 
« 


A.M. 


















9:11 to 9:41 


95 


24-2 


88-7 


41-5 


7-8 


144-5 


3615 


38-7 


10:05 to 10:35 


10-8 


24-4 


35-2 


41-5 


6-3 


116-7 


291*8 


38-7 


10:58 to 11:28 


10-8 


24-2 


35 


415 


65 


120-4 


301*1 


38-7 


11:54 to 12:24 


10-7 


24-2 


34-9 


41-5 


6*6 


122-2 


3057 


88-3 


P. 1£. 

1:58 to 2:28 


10-0 


24-0 


340 


41-5 


75 


138-9 


347"4 


38-6 


2:51 to 3:21 


10-0 


24-2 


342 


41-5 


7-3 


185-2 


33»'i 


38-4 


3:49 to 4:19 


10-5 


24-3 


34*8 


41-5 


67 


1241 


3104 


88-7 


4:41 to 5:11 


11-0 


24-3 


35-3 


41-5 


62 


114-8 
127-1 


287*2 


38-8 


Average, 


10-4 


24-2 


34*6 


41-5 


6-8 


3178 


38-6 



' 9-3 


23-9 


33-2 


41-5 


8-3 


153-7 


384-S 


38-6 


11-3 


23-9 


35-2 


41-5 


6-3 


116-7 


291-8 


38-6 


11-0 


24-4 


35-4 


41-5 


61 


118-0 


282*6 


38-2 


10-3 


24-2 


34-5 


41-5 


70 


129-7 


314*3 


38-2 


9-4 


240 


33-4 


41-5 


8-1 


150-0 


375*2 


38-1 


10-1 


24*2 


34-3 


41-5 


7-2 


133-4 


3333 


37-6 


9-8 


23-8 


331 


41-5 


8-4 


168-7 


340*5 


371 


10-3 


24-1 


34-4 


41-5 


7-1 


143*5 


282*6 


88-0 


10-1 


24-1 


34-2 


41-5 


7-3 


138-6 


3256 


381 



and Inorganic Substances on Gas Metabolism. 



225 



With quinine sulphate — continued. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(0H) 2 . c. c. 


Difference, c. c. ox- 
alic acid. 


d 

P 
08 

08 

•*« be 


C0 2 in 3 7 -5 L. aspi- 
rated air. mg. 

• 


2 

p 

CO 


April 14. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


a 

CD 

■♦* 

£*°" 


8:54 to' 9:24 


10-0 


243 


343 


41-5 


7-2 


138-4 


333*5 


38*6 


9:50 to 10:20 


10-2 


241 


34-3 


41*5 


7-2 


133-4 


3335 


38-2 


10:43 to 11:13 


9-8 


240 


83-8 


41-5 


7-7 


142-6 


356*7 


38*3 


11:38 to 12:08 


10-9 


24-3 


35*2 


41-5 


6-8 


116-7 


291*8 


37*6 


P. M. 

1:57 to' 2:27 


11-3 


24-5 


35-8 


41-5 


5-7 


105-6 


264*0 


34*7 


Average, 


10-4 


242 


34-6 


41.5 


6-9 


126-3 


315*9 


37-5 



The following amounts of quinine were given by way of the mouth : 



April 12 


5:20 p. m. 


" 18 


9:10 a. m. 


" 13 


1:00 p. m. 


" 13 


5:15 p. m. 


" 14 


8:45 a. m. 


" 14 


12:00 m. 



0*130 gram quinine sulphate. 

0*260 " " 

0*390 *' " 

0*520 " " 

0*520 " 

0*780 " " 



2*600 



Rabbit died at 3 p. m. April 14. 

Following are the average daily results in temperature and in the 
amount of carbonic acid excreted per 37'5 litres of aspirated air. 



April 12 


38*6° C. 


317-8 milligrams CO a 


" 13 


381 " 


325*6 " " 


« 14 


37*5 " 


315-9 
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Second Series of Experiments with Quinine. 
Normal period, without quinine sulphate. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(OH) 9 . c. c. 


Difference, c. c. ox- 
alic acid. 


• 

o 

d 

08 
,Q 

of 

o a 
o 


C0 9 in 37-6 L. aspi- 
rated air. mg. 


Body temperature. 
°0. 


May 17. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


A. M. 


















8:40 to 9:10 


5-3 


22-2 


27-5 


41-8 


14-3 


2890 


722-7 


38-8 


9:33 to 10:03 


61 


22-8 


28-9 


41-8 


12-9 


260-7 


65i'9 


38*8 


10:29 to 10:59 


6-2 


226 


28-8 


41-8 


13-0 


262-7 


657-0 


38-8 


11:24 to 11:54 


4-9 


21*9 


268 


41-8 


15-0 


303-2 


758i 


391 


P. M. 

1:55 to 2:25 


50 


221 


27-1 


41-8 


14-7 


297-1 


742-9 


390 


2:48 to 3:18 


4-5 


22-0 


26-5 


41-8 


15-3 


309-2 


773*2 


38-9 


8:43 to 4:13 


6-7 


231 


29-8 


41-8 


120 


242-5 


606*5 


38-8 


4:35 to 5:05 


6-7 


230 


297 

281 


41*8 


121 


244-5 


611-5 


389 


Average, 


5-7 


22*4 


41-8 


18-7 


276-3 


690-5 


38-6 



May 18. 

9:05 to 9:35 
10:00 to 11:30 
10:51 to 11:21 
11:46 to 12:16 

P. M. 

2:14 to 2:44 
3:07 to 3:37 
4:01 to 4:31 
4:58 to 5:28 
Average, 



With quinine sulphate. 



6-2 


22-5 


7-5 


23 


56 


22-1 


60 


22-5 


6-5 


22-8 


6-5 


22-9 


7-0 


231 


6-0 


22-1 


6-4 


226 



28-7 


41-8 


18-1 


264-8 


30-5 


41-8 


11-3 


228-4 


27-7 


41-8 


141 


285-0 


28-5 


41-8 


13-3 


268-8 


29-3 


41-8 


12-5 


252-6 


29*4 


41-8 


12-4 


249-6 


30-1 


41-8 


11-7 


286-5 


28-1 


41-8 


13-7 


2769 


29 


41-8 


12-8 


257-8 



662*0 


38-6 


57i*i 


38-4 


712*6 


38-3 


672*2 


38-8 


6317 


38-9 


624*1 


390 


59i'3 


390 


692*4 


38-4 


644*7 


38-7 
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With quinine sulphate— continued. 



Date. 
May 19. 



9:02 to 9:32 

9:57 to 10:27 

10:50 to 11:20 

11:43 to 12:13 

P. M. 

2:03 to 2:33 
2:54 to 8:24 
3:47 to 4:17 
4:40 to 5:10 
Average, 



Oxalic acid to 
neutralize ba- 
ryta solution. 



T3 tf 



7-4 23-2 





£ c3 . 


• 

M 

o 


• 




13 

5 . 

.03 O 


equiv 
50 c. 
c. c 


• 
• 


o 

P 




otal oxalic 
used. c. 


xalic acid 
lent to 2 
Ba(OH),. 




a, >* 


03 

a . 

"* bo 


2 in 87-5 
rated air. 


H 


O 


Q 


O 


o 


30-3 


41-8 


11-5 


282-4 


5*1*2 


30-8 


41-8 


110 


2223 


555*9 


80-8 


41-8 


11-5 


232 4 


581-2 


29-9 


41-8 


11-9 


240-5 


60 14 


30-7 


41-8 


11-1 


223*3 


5584 


818 


41-8 


10-0 


202-1 


505*4 


80 7 


41-8 


111 


224-3 


561*0 


30-2 


41-8 


11-6 


234-5 


5863 


80-6 


41-8 


11-2 


226-4 


566-4 



2 

03 
t-> 
<D 
ft. 

S 
© 

-§° 
w 



389 

38-4 
38-7 
38-6 

38-9 
38-5 
38-8 
38-8 
38-7 



The quinine was given by way of the mouth in gelatin capsules, in 
the following quantities : 



May 17 


5:30 p. m. 


0*250 gram quinine sulphate. 


" 18 


8:50 a. m. 


0-250 " 


" 18 


12:30 p. m. 


0-250 " 


" 18 


5:35 p. m. 


0-250 " 


" 19 


8:50 a. m. 


0-325 " " " 


" 19 


1 :55 p. m. 


0-250 " 



1-575 



Following are the average daily excretions of carbonic acid ex- 
pressed in milligrams of C0 9 per 37*5 litres of aspirated air, together 
with the average body temperature : 



May 17 38-6° C. 


690-5 milligrams CO a 


" 18 38-7 " 


644-7 


" 19 38-7 " 


566-4 
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March, 1887. 
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Third Series op Experiments with Quinine. 
Normal period, without quinine sulphate. 





Oxalic acid to 
neutralize ba- 




uiva- 
c. c. 
c. c. 


• 

M 
O 

• 


d 


• 

"& • 

. s 


-5 


Time. 


ryta solution. 


oo d 


© o 


o 


a 
at 


i-; 








oxalic 
d. c. 


*0 -si w 


ence. 
: acid. 


n a, b 




© 


March 8. 


* 

CO 


* d 


E 
© 






0j *» © 


otal 
use 


xali 
leu 
Ba( 


© ~ 


— to 
O c 


* g 


►»0 

■8- 




3 w 


4* 


H 


o 


5 


o 


o 


m 


A* M. 


















9:50 to 10:20 


15-5 


38-9 


49-4 


59-25 


9-85 


182-5 


4563 


39-2 



10:58 A. m. injected subcutaneously 0*083 gram quinine sulphate. 



11:15 to 11:45 


16-9 


34-5 


51-4 


59-25 


7-85 


145-4 


3635 


38-4 


12:25 to 12:55 


15-3 


83-9 


49-2 


59-25 


10-05 


186-2 


465*5 


39-9 


P M 

3:00 to 3:30 


15-6 


84-0 


49-6 


59-25 


9-65 


178-8 


447-0 


39-8 


4:06 to 4:36 


15-8 


33-7 
34-0 


49-5 


59-25 


9-75 


180-7 


451*8 


39-9 


Average, 


15-9 


49-9 


59-25 


9-35 


172-8 


432*0 


39-5 



Fourth Series of Experiments with Quinine. 
Normal period, without quinine sulphate. 



Time. 
March 10. 



A. M. 

9:11 to 9:41 



Oxalic acid to 
neutralize ba- 
ryta solution. 



03 

© d 
3 © 



15-0 



■*- © 

3 00 © 



at d 
© 

03 

y • 

© tJ 

-^ © 

S3 00 

I s 



33-8 



48-8 



1 


• 




• 


* -; • 


O 


• 


E< 


> © 
"=L© © 


© 


© 

n3 


* a 


<Q O 


© 


S 


^ 


xaiic acid 
lent to 25 
Ba(0H) a . 


ifiference. 
alic acid. 


Xi 

03* 

•^ bo 


9 in 37-5 
rated air. 


O 


Q 


O 





59-25 


10-45 


193-6 


484-0 



© 

g 

s 

© 

£ d 



38-8 



10:15 A. M. 


injected subcutaneously 0*15 gram quinine 


sulphate. 




10:33 to 11:08 


16-5 


84-6 


511 


5925 


8-15 


151-0 


377*5 


38 4 


11:39 to 12:09 


15-4 


33-9 


49-3 


59-25 


9-95 


184-4 


461 


38-9 


12:38 to 1:08 


15-3 


341 


49-4 


59-25 


9-85 


182-5 


450-3 


38-4 


P. M. 

2:54 to 3:24 


16-0 


84-3 


50-3 


59-25 


8-95 


165-8 


4M'5 


391 


4:07 to 4:87 


15-9 


341 
34-2 


50-0 


59-25 


9-25 
9-25 


171-4 


428-5 


38-8 


Average, 


15-8 


50-0 


59-25 


171-0 


427-6 


38-7 
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Experiment with Cinchonidine. 
Normal period, without cinchonidine sulphate. 



Date. 
June 24. 



Oxalic acid to 
neutralize ba- 
ryta solution. . 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(OH) a . c. c. 


Diflference. c. c. ox- 
alic acid. 


• 

o 

'a 

a 

08 

Xi 
08 

"" to 

o 


CO a in 37 5 L. aspi- 
rated air. mg. 


tube a. 
c. c. 


tubes b 
aud c. 
c. c. 


10-6 


28-8 


394 


50-2 


10-8 


218-3 


545-8 


11-2 


291 


40-8 


50-2 


9-9 


200-1 


500*3 


12-0 


290 


41-0 


50*2 


9*2 


185-9 


465-0 


10-6 


28*7 


89*3 


50-2 


10-9 


220-3 


550-9 


10-8 


28-5 


38-8 


50-2 


11-4 


280-4 


576-1 


9-4 


28-2 


87-6 


50-2 


12-6 


254*9 


636-8 


9-7 


28-5 


38-2 


50*2 


120 


242-5 


606*5 


9-7 


28-5 


382 


50-2 


120 


242-5 


606-5 


10-5 


28*6 


80-1 


50-2 


11-1 


224-8 


561*0 



With cinchonidine sulphate* 



10-8 


28-6 


39-4 


50-2 


11-4 


28-9 


40*3 


50-2 


11-1 


28-7 


89-8 


50-2 


11-6 


28*7 


40-3 


50-2 


111 


28-8 


89-9 


50-2 


| 11-5 


29 


405 


50-2 


11-6 


29-0 


40-6 


50-2 


121 


29-1 


41-2 


50-2 


11-4 


28-8 


40-2 


502 



© 
■3 . 

CO 

hi 
© 
ft 

S 
© 



86-4 
87-4 
38-1 
86-8 

86-9 
871 
87 
86-4 



9:00 to 9:80 

9:56 to 10-26 
10:47 to 11:17 
11:38 to 12:08 

P M 

2:03 to 2:38 

2:51 to 8:21 

3:42 to 4:12 

4:30 to 5-00 

Average, 
June 25. 

9:03 to 9:38 

9:58 to 10:28 

10:53 to 11:28 

11:48 to 12:18 

P. M. 
2-04 to 2:84 

2:59 to 3:29 

3:56 to 4:26 

4:50 to 5:20 

Average, 

Following are the average daily amounts of carbonic acid excreted, 
expressed in milligrams per 37*5 litres of aspirated air, together with 
the average body temperature. 

June 24, 37-0° C, 561 milligrams CO a . 

" 25, 38-8 502-8 

Following are the doses of cinchonidine : 




<t 



n 



June 24, 
25, 
25, 






5:12 P. M., 
10:35 A. M., 
12:35 P. M., 



1-000 gram cinchonidine sulphate. 
0-250 " " " 

0-325 " ' " " 



1-575 



Rabbit died at 5:40 p. m., June 25, in convulsions. 
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In the second series of experiments, smaller closes of quinine were 
employed, so that no special toxic action was observed. In this case 
there seemed to be a gradual falling off in the amount of carbonic 
acid produced; such a decrease as might be assumed would naturally 
result from diminished proteid metabolism. 

The results are shown in the accompanying tables. 

The body temperature, as determined per rectum did not show any 
change whatever under the influence of this quantity of quinine 
(total dose 1*575 gram of quinine sulphate). There does not appear 
to be any proof that moderate doses of quinine lower the body 
temperature of healthy animals or even man, and Kerner found in 
his experiments that a full dose of quinine given to a healthy man 
would prevent the usual rise of temperature resulting from vigorous 
exercise, but did not affect the temperature under ordinary circum- 
stances. Liebermeister* has also reported that the alkaloid has no 
constant depressing action on the bodily heat in health. 

Two other short series of experiments were tried with quinine, also 
with rabbits in a condition of hunger. In both of these cases the 
quinine was introduced by sub-cutaneous injection in the form of 
sulphate. In both cases there was a slight fall in temperature, 
accompanied with a noticeable decrease in the amount of carbonic 
acid eliminated, directly after injection of the quinine. This effect, 
however, was only temporary, for the temperature quickly rose 
to the normal, and even somewhat above the normal point, while 
the carbonic acid in the third series came quite back to the normal 
and in the fourth series remained only a little way below. 

It would appear, therefore, from our experiments, that in a healthy, 
hungry rabbit moderate doses of quinine sulphate exercise at the 
most only a very slight depressing influence on body temperature, 
and have but a minimum effect on the production of carbonic acid. 

Action of cinchonidine sulphate. 

Previous experiments! on man have shown that cinchonidine has 
the power of lessening materially the elimination of nitrogen, pre- 
sumably through its inhibitory action on proteid metabolism. 

Cinchonidine is supposed to have much the same physiological 
action as quinine and cinchonine, only weaker. Our present experi- 

* Deutscb. Archiv fur Klinische Medicin, Band in. 

f See Chittenden and Whitehouse, Studies from the Laboratory of Physiological 
Chemistry, vol. i, p. 164, 
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ments with the alkaloid, using quite large amounts of the sulphate, 
show a somewhat different action from quinine. Using a large rab- 
bit, without food for three days, and giving it by way of the mouth, 
in gelatin capsules, large doses of the alkaloid, there was a very 
noticeable and constant rise in temperature up to the very time of 
death, accompanied by a slight but gradual diminution in the amount 
of carbonic acid given off. In all, 1*575 grams of cinchonidine sul- 
phate were given ; an amount exactly equal to the quinine sulphate 
given in the second series of experiments with quinine. With cin- 
chonidine, however, the rabbit was much prostrated, showed symp- 
toms of tetanic convulsions, and finally died in a vigorous tetanic 
spasm at the end of the second day. 

The results are shown in the preceding table. 

Action of Antipyrine. 

Antlpyrine or dimethyloxychinicine has of late been much experi- 
mented with. Among the many statements which we have seen 
recently concerning its action are the following, which are of interest 
in this connection. Arduin* found that 3 grams given to a rabbit 
produced cataleptic stiffness, diminished reflexes, etc., followed by 
violent convulsions. There was also a very marked fall of bodily 
temperature. Anseroff,f by experiments on animals, found that the 
alkaloid caused an increase of blood pressure and a decrease of inter- 
nal temperature, as shown by a thermometer in the rectum, but a 
considerable rise in the external temperature, sometimes as much as 
12° C. Pavlinoff J has reported that antipyrine produces a very con- 
siderable quickening of the respiration, while Dr. Walter, of St. 
Petersburg,§ is reported as having found that the alkaloid while 
reducing febrile temperature, also reduces nitrogenous tissue changes ; 
and further, that the assimilation of proteids is materially favored by 
the drug. F. Muller || has also found that in fever antipyrine dimin- 
ishes the excretion of nitrogen. Coppola,^ however, states that in the 
case of a dog, 0'3-0 # 4 gram of antipyrine was wholly without action 
on its excretion of nitrogen. Coppola has further found that the 

* Abstract in Therapeutic Gazette, 3d series, vol. i, p. 677. 
f Abstract in Therapeutic Gazette, 3d series, vol. ii, p. 3 1 5. 
{ Abstract in Therapeutic Gazette, 3d series, vol. ii, p. 339. 
§ Abstract in Therapeutic Gazette. 3d series, vol. ii, p. 53. 
| Jahresbericht fur Thierchemie, xiv, 242. 
Tf Jahresbericht fur Thierchemie, xv, 97. 
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First series of Experiments with Anttpyrine. 
Normal period, vrithout antipyrine. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(OH) a . c. c. 


Difference, c c. ox- 
alic acid. 


6 

o 

08 

oe" 

° s 
••* bo 

ds 


COa in 37 5 L. aspi- 
rated air. mg. 


£ 

2 

a 


May 24. 


tube a. 
c. c. 


tubes b 
and c. 
c. c. 


s 

■»* . 

■8° 


8:54to9:24 


8*6 


264 


350 


46-1 


Ill 


224-3 


561*0 


38-4 


9:52 to 10:22 


88 


265 


35 3 


461 


10*8 


2183 


545*8 


38-4 


10:47 to 11:17 


95 


264 


359 


461 


10*2 


2051 


5130 


38-4 


P M 

1:55 to 2:25 


91 


263 


35-4 


461 


10-7 


216-8 


5408 


38-8 


2:47 to 3:17 


9-5 


26-4 


35-9 


46-1 


10-2 


2051 


513*0 


38-6 


3:40 to 4:10 


91 


265 


356 


461 


10-5 


212-2 


530*6 


38-4 


4:35 to 5:05 


8-8 


263 


351 


461 


110 


222-3 


5559 


38-4 


Average, 


90 


26-4 


35-4 


46-1 


10-7 


214-8 


5357 


38-4 


May 25. 






With a 


ntipyr 


ine. 








8:56to*9:26 


9-6 


264 


36 


461 


10-1 


204-1 


510-4 


88-2 


9:53 to 10:23 


96 


26-4 


360 


46-1 


101 


2041 


5104 


88-1 


10:49 to 11:19 


7-5 


25-6 


331 


46-1 


13-0 


262-7 


657-0 


880 


11:47 to 12:17 


8-4 


25-9 


84-8 


461 


11-8 


238-5 


5963 


38-1 


P. M. 

2:15 to 2:45 


7-9 


26-0 


33-9 


461 


12-2 


246-6 


6166 


38-1 


3:15 to 8:45 


8*7 


25-8 


34-5 


46-1 


11-6 


234-5 


586-3 


38-3 


4:15 to 4:45 


8-4 


260 


34-4 


461 


11-7 


236-5 


591*3 


88-0 


5:09 to 5:39 


7-4 


25-6 


33 


461 


13-1 


264-8 


662*0 


88-1 


Average, 


8-5 


25-9 


34*4 


46-1 


11-7 


236-5 


591*3 


88-1 


May 26. 
9:02 to 9:32 


11-3 


26-8 


38-1 


46-1 


8-0 


161*7 


404*3 


36-2 


9:59 to 10:29 


94 


26-0 


35-4 


46-1 


10-7 


216-3 


540-8 


85-8 
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alkaloid not only has a noticeable antipyretic action in conditions of 
fever, but also reduces the temperature in healthy organisms. The 
extent of reduction, however, is not great, ranging only from 0*1 to 
0*6 of a degree. Further, the diminution in temperature is to be 
ascribed, according to Coppola, not to diminished metabolic activity, 
but to increased giving up of heat, due to dilatation of the blood- 
vessels by the antipyrine. Jacubowitsch * also claims for antipyrine 
an inhibitory action on the excretion of uric acid. So far as our 
knowledge extends, however, no experiments have been tried as to 
the influence of this therapeutic agent on the production of carbonic 
acid. 

Our experiments have been confined wholly to rabbits, and those 
in a condition of hunger. . In the first series of experiments, during 
the antipyrine period, the alkaloid was given in large and oft-repeated 
doses, in the form of powder, in gelatin capsules, at follows: 



May 25, 


8:33 A. M., 


02 


gram antipyrine 


" 25, 


9:35 " 


02 


<< 


a 


" 25, 


10:30 " 


0-2 


n 


a 


" 25, 


11:27 " 


02 


a 


a 


" 25, 


12:27 P. M., 


0-6 


a 


tt 


" 25, 


2:55 " 


0-6 


t< 


a 


" 25, 


8:54 " 


06 


it 


a 


" 25, 


4:51 " 


06 


a 


a 


" 25, 


5:46 " 


0-6 


a 


n 


" 26, 


8:45 A. M , 


06 


a 


tt 


" 26, 


9:88 " 


1-0 


a 


tt 



5-4 

The accompanying tables show the results obtained. At the end 
of the last period of the second day (May 26) respiration was very 
rapid, about 208 per minute, and during that period the amount of 
carbonic acid excreted was larger than in any other. In spite of the 
large dose taken, however, the alkaloid appears to have had no 
special action on the production of carbonic acid, and further, the 
temperature was only very slightly lowered until on the last day, 
just prior to the animal's death. On the last day of the experiment 
(May 26) the rabbit appeared much prostrated, and at 10.35 a. m. 
was seized with a convulsion, followed soon after by three others, 
dying at 1 1.30 a. m. 

In the second series of experiments somewhat smaller amounts of 
antipyrine were given, but here, as in the first series, there was no 

* Jahresbericht fur Thierchemie, xv, p. 444. 
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Second series of Experiments with Anttpyrine. 
Normal period, without antipyrine. 



Date. 
May 31. 



A. M. 

9:02 to 9:32 

9:57 to 10:27 

10:59 to 11:29 

11:51 to 12:21 

P H. 

1:44 to 2:14 

3:30 to 4:00 

4:21 to 4:51 

Average, 

June 1. 

A. M. 

8:53 to 9:28 

9:50 to 10:20 

10:43 to 11:13 

11:40 to 12:10 

P M 

2:15 to 2:45 
3:12 to 3:42 
4:11 to 4:41 
5:05 to 5:35 



Oxalic acid to 
neutralize ba- 
ryta soluiioD. 



2° 



8-5 
8-1 
91 



93 



9-8 
9*3 
9-7 



91 



9-9 

9-4 

101 

9-7 



96 
99 
9-7 

8-7 



•° d 

8-c d 

s> a . 

3 C8 O 



T3 

OS 
M . 



C8 

'5 
a 4 



-"8 

P 



3 " 



O 
Eh 



I 09 

o 

03 



d 6 

d d 

o 

•A . 



■ 
d 



*tt C8 



25-8 
25-1 
25-5 
25-5 

25-7 
25-5 
25*7 
25-5 



33-8 


44.3 


882 


44-3 


84-6 


44-3 


34-8 


44-3 


35-5 


44*3 


34-8 


44*3 


35-4 


44-3 


34-6 


44-3 



10-5 



95 

8*8 
95 
8-9 



9-7 



With antipyrine. 



Average, 1 9*6 



25-5 


85 4 


25-5 


34*9 


25-7 


35-8 


257 


85-4 


25-6 


35-2 


25-8 


35-7 


256 


85-3 


25-3 


340 


25-6 


85-2 



o 

a 

08 



o 
o 



211-2 
224*3 
I960 
1910 

176-8 
192-0 
179-9 



a, 



195-9 



£ 

00 

© 

s 

"8- 



528*1 


38-9 


561*0 


38-9 


490*2 


38-9 


477-6 


38-9 


442*2 


38-7 


480-1 


38-9 


449-8 


38-8 


4899 


38-8 



44-3 


8-9 


179-9 


4498 


38-7 


44-3 


9-4 


190-0 


475 % i 


38*9 


44-3 


85 


170-8 


427*0 


88 9 


44-3 


8-9 


179-9 


4498 


88-7 


44-3 

• 


91 


183-9 


4599 


39-2 


44-3 


8-6 


173-8 


434*6 


38-4 


44-3 


90 


181-9 


454*8 


38-8 


44-8 


10-3 


208-2 


5205 


38-4 


44-3 


9.08 


188-5 


4589 


38-7 
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With antipyrine— continued. 



Date. 


Oxalic acid to 
neutralize ba- 
ryta solution. 


Total oxalic acid 
used. c. c. 


Oxalic acid equiva- 
lent to 250 c. c. 
Ba(OH) 2 . c. c. 


Difference, c. c. ox- 
alic acid. 


• 

o 

08 
JO 

CO 

d s 


COa in 37-5 L. aspi- 
rated air. mg. 

1 


• 

3 

08 


June 2. 


tube a. 
c. c. 


* c5 

CD . • 

jo P . 

p 08 O 

25-5 


a 

PQ 


A. M 

8:56 to 9:26 


100 


35*5 


44-8 


8-8 


177-8 


4447 


38-7 


9:53 to 10:23 


9-8 


25 6 


354 


44*3 


8*9 


179-9 


449*8 


38-6 


10:47 to 11:17 


8-8 


25 8 


341 


443 


10-2 


2061 


5i5'5 


37-8 


11:43 to 12:13 


8*6 


25-1 


33-7 


44*3 


10-6 


214-2 


535'7 


371 


P M 

2:02 to 2:32 


8-6 


251 


33-7 


44-3 


10-6 


218-2 


533*2 


371 


2:55 to 3:25 


8-7 


25-1 


38-8 


44-8 


10-5 


212-2 


530*6 


37-3 


3:54 to 4:24 


8-8 


25-8 


341 


44-3 


10-2 


206-1 


515-5 


37-6 


4:47 to 5:17 


8-5 


251 


33-6 


44-3 
44-3 


10-7 


216-8 


540-8 


37-5 


Average, 


8-9 


25-3 


34*2 


10-06 


203-2 


508*2 


37-7 



Following are the average daily excretions of carbonic acid, ex- 
pressed in milligrams per 37*5 litres of aspirated air, together with 
average daily body temperature: 

May 31 38-8° C. 489-9 milligrams CO a . 

Junel 38-7 458-9 " 

" 2 37-7 508-2 

Antipyrine was given in the following quantities by mouth, in 
gelatin capsules: 



May 


31 


4.57 p. m. 


0*2 gram antipyrine. 


June 




8:40 a. m. 


0-2 




<* 




9:31 " 


0-2 




it 




10:25 " 


0-2 




a 




11:20 " 


0-2 




tt 




12:17 p. m. 


0-2 




tt 




2:52 " 


0-2 




tt 




3:49 " 


0-2 




tt 




4:48 " 


0-2 




tt 




5:40 " 


0-2 




tt 


2 


8:45 a. m. 


0-5 




tt 


2 


9:84 " 


0-5 




tt 


2 


10:31 " 


0-5 




a 


2 


11:24 " 


0-5 




tt 


2 


4:45 p. m. 


0-2 










4-2 


Trans. Conn. Acad., 


Vol. VII. 56 




March, 1887. 
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discernible action on the excretion of carbonic acid. Further, the 
alkaloid did not noticeably lower the body temperature until toward 
the close of the second day, when the quantity given had reached an 
amount nearly sufficient to produce a fatal result. We have then to 
conclude that antipyrine, at least in therapeutic doses, has no special 
influence on the production or elimination of carbonic acid by the 
rabbit. 
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